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RUM INHIBITION OF HYALURONIDASE FOLLOWING 
RGICAL PROCEDURES FOR CANCER AND 


INMALIGNANT DISEASE 


OY J. HYMAN, M.D., F.A.C.S.. BARRY A. FRIEDMAN, M.D., F.A.C.S., and 


\IUEL O. FREEDLANDER, M.D., F.A.C.S., Cleveland, Ohio 


ONG THE VARIOUS MUCOID SUBSTANCES 
uprising intercellular cement is the poly- 
charide, hyaluronic acid. The specific 
vyme, initially known as the “‘spreading 
ior” and which we now know to be hya- 

uronidase, hydrolyzes and liquefies this 
cient. Many clinical applications of 
i\valuronidase now exist. 

Inhibition of hyaluronidase occurs in the 
body by two mechanisms. One is analogous 
to an antigen antibody reaction in which a 
specific inhibitor is produced in response to 
the presence of hyaluronidase. ‘The second 
mechanism involves substances normally 
present in the serum, known as nonspecific 
hyaluronidase inhibitors, and _ differing 
chemically from the specific inhibitors. It is 
with the variation in the blood content of 
these latter substances that we are con- 
cerned. A method of determining their serum 
levels in units was devised by Haas and 
subsequently modified by Glick (5, 8), Cole 
(2, 3), and Duran-Reynals. 


From the Katz-Sanders Surgical Research Laboratory of 
Mount Sinai Hospital, Cleveland, Ohio. 


Nonspecific serum inhibitors of hyaluron- 
idase have been measured in various dis- 
eases and physiologic states. Glick and co- 
workers have reported changes in the serum 
level of these inhibitors in acute poliomyeli- 
tis (6); a wide variety of skin diseases with 
systemic involvement (11); in active rheu- 
matic fever (1, 9), subacute bacterial endo- 
carditis, brucellosis (12); in acute glomerulo- 
nephritis (16) and active lipoid nephrosis; 
and in patients receiving ACTH (1, 10). 
They also noted changes in postpartum 
states (15), in febrile diseases, and in cor- 
relation with elevated erythrocyte sedimen- 
tation rates. These same investigators found 
no change in the nonspecific serum inhibi- 
tors of hyaluronidase in association with 
leucocytosis and no change following the 
administration of antibiotics or chemothera- 
peutic agents. No particular tissue, when 
extracted, has been shown to contain an 
abundance of hyaluronidase inhibitor (19). 
A direct relationship has been demonstrated 
between the hyaluronidase inhibitor titer 
and liver function (18). In fact, the decrease 
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Fic. 1. Comparative curves of serum nonspecific 
hyaluronidase inhibitor titers obtained from patients 
with and without malignant disease. Control data are 
plotted as straight line. 


of hyaluronidase inhibitor level in terminal 
hepatic failure has pointed to the liver as a 
possible site for the formation of these 
inhibitors. While it has been reported that 
no change of inhibitor titer accompanies 
benign neoplasms, a consistent elevation 
was noted in patients who had malignant 
tumors (7, 14, 17). Where metastases had 
occurred the levels were even higher. None 
of these patients had received previous 
treatment. 

Since it appears that hyaluronic acid and 
hyaluronidase have important roles in tissue 
healing it was thought that surgical opera- 
tions might have an effect on this enzyme 
system. Measurement of the serum non- 
specific hyaluronidase inhibitor level offers 


TABLE I.—SERUM NONSPECIFIC HYALURONIDASE 
INHIBITORS OF SUBJECTS IN GROUP I (CONTROLS) 








| ee Days oo Ss aa tee 
Subject level 3 5 7 9 
Riciney sae yee 2.59 2.63 2.02 2.20 
7 J rene ee eo ee 2.20 2.50 2.61 2.19 2.41 
Bis kuekasnace 1.79 2.54 2.66 2.20 
» ee ere 1.61 1.94 1.95 $55 
Se ee ee 1.90 1.35 1.84 
SO 1.61 1.79 
Bad oionea shots ae 2.10 1.70 
Bich smears 3.09 2.79 3.06 
ee 5:33 5.84 





Single determinations in the remaining 10 subjects were as 
follows: 2.21, 2.18, 2.36, 1.37, 2.96, 2.28, 2.49, 2.30, 2.31, 2.24. 
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an indirect means of following the hyaluron- 
ic acid-hyaluronidase activity in the body. 
The present investigation, therefore, was 
undertaken to determine the effect of surgi- 
cal procedures on the serum nonspecific 
inhibitors of hyaluronidase. 


METHOD AND MATERIALS 


The method of determining serum non- 
specific hyaluronidase inhibitors was that 
outlined by Cole, Cebul, and Holden. 
Venous blood samples were drawn in most 
cases within 24 hours prior to surgery and 
at intervals during the postoperative hos- 
pital period. In most instances determina- 
tions were carried out up to the eighth day 
following surgery. ‘Too few cases were con- 
tinued beyond this time to be of statistical 
value. The serum was immediately obtained 
and stored at —11 degrees C. The samples 
were tested usually within 48 hours. The 
effect of storage on the blood samples was 
found to be negligible. In the test as per- 
formed, the action of the enzyme hyaluron- 
idase on the substrate hyaluronic acid is 
blocked in varying degrees by the presence 
of nonspecific inhibitors present in the 
serum. The degree of inhibition is deter- 
mined viscosimetrically. 

In this experiment a total of 728 determi- 
nations were made and grouped as follows: 


Group I. Controls—ambulatory subjects not oper- 
ated upon. 

Group II. Patients with nonmalignant disorders 
operated upon. These included traumatic, inflam- 
matory, mechanical conditions, e.g., hernias, torn 
menisci, and benign tumors. 

Group III. Patients with proved malignant disease 
operated upon. The primary lesion was in the breast, 
gastrointestinal tract, lung,, mouth, and _ prostate. 
There were also 2 cases of lymphosarcoma in this 
group. No attempt was made to separate these cases 
into those with metastases and those without. 

Group IV. Complex situations—this group con- 
sisted of a number of cases which do not fall into the 
foregoing classifications since there were complex 
situations which might be expected to alter the serum 
hyaluronidase inhibitor titer. These included wound 
disruptions and multiple operative procedures, liver 
diseases, and patients with postoperative complica- 
tions. 
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. 2. Type of curves obtained when serum nonspe- 
( hyaluronidase inhibitor titers of group II patients 
ai lotted: a, 55 year old woman who had hysterectomy 
fi. :broids; b, 37 year old man on whom arthrotomy of 
k» » was performed for torn medial meniscus; c, 40 year 
oman, bilateral inguinal hernia repair. 


k; SULTS 
roup I. Controls not operated upon. Determina- 
s of nonspecific hyaluronidase inhibitors were 
ie from the sera of 19 members of the hospital 
(Table I). The titers ranged from a high of 5.84 
« low of 1.35 with a mean of 2.40. As can be seen, 
« values fell below 2.7 except in 3 individuals. Case 
is of a diabetic and Case 9 of a patient with an 
diagnosed mass in the neck for many years. The 
remainder were all apparently normal and healthy. 
Since none of these individuals were operated upon 
te values in Table I would correspond to the pre- 
operative titers in the patients in groups II and III. 

Group II. Patients with nonmalignant disorders 
operated upon. There were 80 patients in this cate- 
gory. These data are summarized in Table II. Pre- 
operatively, the titers ranged from a high of 7.60 toa 
low of 1.18 with a mean level of 2.81. Following the 
first postoperative day, there was a rapid rise in the 
nonspecific hyaluronidase inhibitor titer. A curve 
was plotted from the day-by-day mean titers and this 
reached its peak on the third to fifth day following 
surgery (Fig. 1). Starting with the sixth postoperative 
day, a decline in the titers was noted. Figure 2 shows 
several representative curves of serum nonspecific 
hyaluronidase inhibitor titers from patients with non- 
malignant disorders. 

Group III. Patients with malignant disease oper- 
ated upon. Tests were performed on the sera of 38 
patients in this group. In Table II the hyaluronidase 
inhibitor titers of these patients are summarized. The 
preoperative titers ranged between 7.19 high and 1.09 
low. The mean was 3.34. These titers reached their 
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highest level on the fourth day following surgery and 
gradually decreased during the next 4 days (Fig. 1). 
Typical curves of titers from the sera of patients with 
malignant diseases are shown in Figure 3. 


DISCUSSION 


Many observations of interest can be 
drawn from this experiment. First, the pa- 
tients with malignant neoplasms had, on 
the average, higher initial serum titers of 
nonspecific hyaluronidase inhibitor than 
did those patients without a malignant 
condition. These findings are consistent 
with those of Glick and associates. The hos- 
pitalized patients with inflammatory, trau- 
matic, mechanical, and benign neoplastic 
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conditions showed slightly higher preopera- 
tive inhibitor levels than did the control 
group consisting, by and large, of healthy 
subjects. 

Secondly, following a gradual rise for 1 
or 2 days, a significant peak in the hyaluron- 


idase inhibitor titer was reached. This 
postoperative elevation in titer was con- 
sistent in both groups II and III and reached 
the highest values by the third to fifth days. 
However, in the patients with malignant 
tumors the average titer was higher at its 
peak than in the sera of patients with non- 
malignant diseases. 

Thirdly, the level of hyaluronidase in- 
hibition diminished after the fourth or fifth 
postoperative days but a rise over the pre- 
operative titer was usually sustained through 
the eighth day after operation. It is of interest 
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Fic. 3. Type of curves obtained when serum nonspe- 
cific hyaluronidase inhibitor titers of group III patients 
are plotted: a, 45 year old woman who had radical 
mastectomy for carcinoma; b, 82 year old man, gastro- 
enterostomy for carcinoma of stomach; c, 47 year old 
man, abdominoperineal resection for carcinoma of 
rectum. 


that the mean titers in both groups II and 
III reached the same level at the end of the 
period of observation. 

We did not divide the cases into meta- 
bolic, inflammatory, and mechanical dis- 
orders. Such a division might yield addition- 
al information. Of particular interest was 1 
case, that of a 55 year old white male who 
sustained multiple fractures of his pelvis. 
He was not operated upon. The curve of his 
serum titers is shown in Figure 4. This is © 
typical of the curves seen in our group II 
cases. It is also similar to those reported by 
Glick following normal deliveries for a 10 
day postpartum period. Is this the body’s 
response to trauma or operation? 

Secondary wound healing phenomena 
have been reported in animal experiments, 
such as, the increase in tensile strength of 
a second wound inflicted while an initial 
wound is healing. Cole suggested that if this 
observation is true it might be due to the 
ability of the second wound to deposit more 
hyaluronic acid because of the inhibition of 
hyaluronidase during the healing of the 
primary wound. It was our thought that 
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TA: .E I1L—SERUM NONSPECIFIC HYALURONIDASE 
INHIBITOR TITERS 
Group II Group II 


—Nonmalignant diseases_—_Malignant diseases__ 
No.of Range Mean No.of Range Mean 
patients liter patients liler 

1.18 1.09 

7.60 2.81 38 7.19 3.34 
1.30 21 1.47 

7.31 3.60 7.68 4.34 
2.83 4 3.14 

8.90 4.88 5.16 3.98 
30 2.54 9 3.14 

7.89 5.0 9.10 5.92 
25 2.18 3.14 
7.26 9.02 
P.O 12 2.40 3.19 
7.06 5.10 7.97 
Pi@Qiicces. —2e 2.06 2.89 
8.10 4.74 8.37 
5 days P.O. 1.74 2.11 
nbined) 26 6.87 4.72 7.84 


thi might also explain the well known 
se: ation that the closing operation follow- 
ins an evisceration heals well in contrast to 
th: first wound. This hypothesis might be 
te. -d if one could know in which cases 
ey ceration would occur or by having a 
su) cient number of patients who were to 
ha e a second operation within 1 week 
r the first. In our series 4 patients under- 
weit second operations while under study, 
anc there were, in addition, 6 eviscerations. 
However, only 1 out of the latter 6 had 
preoperative and postoperative levels for 
the first procedure. 

‘uriously, in only 1 case in which a repeat 
operation was performed did a second typi- 
cal curve occur. In the remaining 3, fol- 
lowing the second procedure, a slight in- 
crease in inhibitor titer was noted on the 
second day. Following this, there was a 
precipitous drop in the inhibition. In the 6 
eviscerations, all the titers having been 
taken after closure of the evisceration, values 
ranged between 4 and 7 with no definite 
trend in the inhibitor curve. Thus, we can 
only say that, in cases involving so-called 
secondary wound healing and eviscerations, 
as yet no definite pattern to the inhibitor 
titer can be reported. 

Rather consistently, in cases in which a 
urinary, respiratory, or wound infection 
occurred, a rise in the inhibitor titer or 
maintenance of an elevated level was ob- 
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Fic. 4. Titer curve of serum nonspecific hyaluronidase 
inhibitors in a 55 year old man who sustained multiple 
fractures of pelvis. Cperation was not performed in his 
case. 


served. Indeed, it was our impression that a 
repeat rise often immediately preceded the 
actual clinical discovery of the complication. 
To interpret the cause for this observation 
would be too speculative. It suggests that 
additional insults to body tissues might con- 
ceivably call for more hyaluronidase in- 
hibition to allow for greater viscosity of the 
intercellular substances. 


CONCLUSIONS 


1. In aseries of 117 patients with a variety 
of diseases, the serum inhibitors of hyaluron- 
idase were found to be significantly in- 
creased following surgical operations. 

2. Both the preoperative and postopera- 
tive serum hyaluronidase inhibitor titers of 
patients with malignant tumors were higher, 
on the average, than the corresponding 
levels in patients with nonmalignant dis- 
eases. 

3. The hyaluronidase inhibitor titers 
reached their peaks on the third to fifth day 
following operation and gradually de- 
creased during the subsequent period of 
observation although sustaining an eleva- 
tion over the preoperative level through the 
eighth day after surgery. 

4. Complicated cases involving liver dis- 
ease, repeated operations and eviscerations, 
fractures without operation, postoperative 
complications, metabolic and metastatic 
diseases challenge further study. Evaluation 
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of inhibitor titers in these cases may yet 
reveal some common sparking denominator 
which reflects cell growth, healing, or neo- 
plasm. 
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HE EFFECTS OF INTERRUPTION OF THE INFERIOR 
‘| ESENTERIC ARTERY AND ITS BRANCHES ON THE 
| JOOD SUPPLY OF THE TERMINAL PART OF THE LARGE 
( UT IN THE EXPERIMENTAL ANIMAL 


| ... BRAITHWAITE, M.D., M.R.C.S., Liverpool, England 


ENT PUBLICATIONS on the surgery of the 

um and rectosigmoid by Ault, Castro, 

| Smith, Grinnel] and Hiatt, Snellman, 

| others have indicated the desirability of 

h ligation of the inferior mesenteric ar- 

- in radical extirpations of carcinomas of 
left colon and rectum in selected cases. 

is step has the advantage of enabling a 
ler area of actual or potential metastases 

be removed, particularly in those lymph 
les around the origin of the inferior mes- 
eric artery. The series reported by the 
rious workers have been generally small, 
hough Goligher (9) observed the effects 
high ligation of the inferior mesenteric 
\ery in 37 patients at operation. He was of 

e opinion that the circulation to the left 
lon following this procedure was adequate 
at least 70 per cent of the cases. Grinnell 
nd Hiatt had only 1 death from bowel 
iecrosis in a series of 41 resections for car- 
inomas of the rectum, rectosigmoid, and 
descending colon in which the inferior mes- 
enteric was ligated at its origin from aorta. 
The survival of tissue following arterial 
ligation is dependent on the sufficiency of 
the collateral circulation and the speed with 
which it is able to compensate for the cut- 
(ing off of its blood supply. This vascular 
reserve, however, differs in various organs 
within wide limits. The small intestine, as 
described by Weyrauch and de Garis, the 
pancreas, as described by Adams and Har- 
rison, and the bladder (4) have a well 
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developed system of collateral channels 
which enable extensive ligations of their 
blood vessels to be carried out without unto- 
ward sequelae. In marked contrast to this 
are the results obtained from interrupting 
the testicular artery, as described by Harri- 
son (11), and the adrenal arteries (12). 

In view of the recent trend in operative 
technique for carcinomas of the rectum and 
rectosigmoid, it was considered of value to 
undertake an investigation into the effects of 
interrupting the inferior mesenteric artery 
and its branches at different sites. ‘Two 
facets of the problem were studied particu- 
larly: (a) the morphology of the collateral 
circulation and its development following 
the various operative procedures—a study 
somewhat similar to that of Weyrauch and 
de Garis on the small intestine; and (b) the 
extent of arterial interruption necessary to 
produce tissue necrosis. 

Because of the large numbers of animals 
required for a study of collateral circulation, 
the rat was used as the experimental animal. 
It will be appreciated that although the 
vascular arrangements to the hind gut differ 
in some respects from those in man, there 
are sufficient points of similarity for certain 
deductions to be drawn applicable to the 
latter. 


MATERIAL AND METHODS 


The experiments were carried out on rats 
of both sexes whose weights ranged between 
160 and 286 grams. The vascular arrange- 
ments of the terminal part of the hind gut 
were studied in 6 normal rats and in 40 











animals undergoing operation. Four types of 
operation were performed: (1) interruption 
of the stem of the inferior mesenteric artery 
or its major branches in various combina- 
tions (14 experiments); (2) interruption of 
the marginal artery (6 experiments); (3) in- 
terruption of the branches of the marginal 
artery (arteriae rectae) to the gut wall in 
various combinations (10 experiments); (4) 
combinations of the three types aforemen- 
tioned (10 experiments). 

The larger arteries, such as the inferior 
mesenteric artery and its two major branches, 
were divided between thread ligatures, while 
the smaller vessels (arteriae rectae and their 
branches) were interrupted by thermo- 
cautery. 

The animals were sacrificed at periods 
between 24 hours and 1 month after opera- 
tion and immediately injected through the 
thoracic aorta with a radiopaque medium 
(micropaque). The efficacy of the injection 
was judged by observing the filling of the 
vessels on the gut wall directly, after de- 
livery of a loop of gut through the scar of the 
original midline abdominal incision. Dissec- 
tion was carried out and the terminal part 
of the hind gut removed, together with its 
vascular pedicles. Radiographs were taken 
immediately after resection of the gut and 
compared with normal controls; enlarged 
positives of these were prepared for later 
study. Many specimens were ultimately 
cleared by a modified Spalteholtz technique 
and kept permanently in tetralene (tetra- 
hydronaphthalene). 


FINDINGS 


The Blood Supply of the Terminal Part of the 
Large Gut in the Rat 

The terminal part of the large gut con- 
sists of a relatively simple straight tube of 
fairly uniform caliber lined by columnar 
epithelium. It does not exhibit the distin- 
guishing morphologic features for the recog- 
nition of various subdivisions such as 
descending colon, pelvic colon, and rectum, 
as in the primates and man. The length of 
large bowel studied in all instances was 
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limited proximally by the site at which the 
descending (anastomotic) branch of the 
superior mesenteric artery came into appo- 
sition with the gut wall and distally included 
the anal canal—a segment of approximaiely 
7 to 10 centimeters. ‘This corresponds to the 
entire territory of supply of the inferior mes- 
enteric artery. Additional sources of blood 
supply to this part of the gut of less import- 
ance are afforded proximally by the branches 
of the descending (anastomotic) branch of 
the superior mesenteric artery and distally 
by the middle rectal and inferior rectal 
branches of the internal iliac artery. 

Inferior mesenteric artery. ‘This artery arises 
constantly at or just proximal to the division 
of the abdominal aorta and after a course of 
a few millimeters downward and to the left 
divides into a smaller ascending upper left 
colic branch and a larger descending supe- 
rior rectal artery (Fig. 1). The former anas- 
tomoses with the descending (anastomotic) 
branch of the superior mesenteric artery, 
while the larger superior rectal artery courses 
downward and terminates in a leash of ves- 
sels whose direction is mainly longitudinal 
and which supplies the lowermost part of 
the hind gut and the adjacent anal canal. 
The division of the inferior mesenteric artery 
and the course of its two main divisions 
close to the gut wall constitutes a complete 
marginal artery from which arise arteriae 
rectae at fairly regular intervals. . 

At or near the bifurcation of the inferior 
mesenteric artery two vessels arise, either by 
a common trunk or less frequently sepa- 
rately. They are larger and have a more ex- 
tensive distribution than the arteriae rectae 
arising proximally and distally to them; 
these will be called ‘“‘the lower left colic” 
(sigmoid) arteries because of the similarity 
in origin and distribution to the vessels so 
named in primates. 

Intrinsic supply of the gut. The pattern of 
vessels on the gut wall consists of well marked 
chain-like anastomoses to which branches 
from the arteriae rectae and lower left colic 
arteries contribute (Fig. 2). The number of 
arteriae rectae arising from the upper left 
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ic artery and its anastomosis with the 
cending branch of the superior mesen- 
ic varies between 6 and 10. They origi- 
ie at right angles to the parent trunk and 
h divides into two branches which en- 
‘le the gut wall. The lower arteriae rec- 
. fewer in number, pursue a more oblique 
irse. 
'n the undistended state of the gut the 
inches of the arteriae rectae are ex- 
nely tortuous. They give off slender fila- 
its which course for varying distances 
ig the length of the gut and by their 
istomoses with similar vessels from adja- 
| arteriae rectae constitute a well defined 
vork. The latter is extremely regular in 
territory supplied by the ascending left 
c artery, although in the superior rectal 
i there is rarely any evidence of a defi- 
pattern. 


( parisons with the Blood Supply in Man 


| he origin, course, distribution, and main 
nches (superior rectal, upper left colic, 
er left colic) of the inferior mesenteric 
ry are similar in both man and the rat. 
in man, however, the branches of the in- 

ior mesenteric artery, together with a 

itribution from a branch of the superior 

esenteric, form by their anastomoses a sys- 
in of primary arterial arcades from which 
series of short straight branches are given 
‘| to the gut in their neighborhood. 

In the rat, however, this arcade forma- 
‘ion is absent, the vessels to the gut arising 
directly from the marginal vessel in the 
manner already described (Figs. 1 and 2). 

The origin of the middle and inferior rec- 
tal arteries, from the internal iliac and their 
contributions to the supply of the rectum 
and anal canal respectively, are comparable 
in both species. 


LIGATION EXPERIMENTS 

1 ype I. Interruption of the Stem of the Inferior 

Mesenteric Artery or its Two Major Branches 
a. Interruption of the main arterial stem. In 

this group the inferior mesenteric artery was 

divided as close as possible to its origin from 
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Fic. 2. 


The following key pertains to all figures: A., anal canal; 
A.C., upper division of inferior mesenteric artery (upper 
or ascending left colic artery); A.R., arteriae rectae; 
I.M., inferior mesenteric artery; /.R., inferior rectal 
artery; L.C., lower left colic (sigmoid) artery; M.R., mid- 
dle rectal artery; S.M., superior mesenteric artery; 
S.M.A., anastomotic branch of superior mesenteric 
artery; §.R., lower division of inferior mesenteric artery 
(superior rectal artery). 

Fic. 1. Arteriograph of the vascular pedicles of the 
terminal part of the hind gut in a normal animal. X0.9. 

Fic. 2. Photograph of the intrinsic plexus of vessels on 
the gut wall in a normal animal. (Specimen cleared by a 
modified Spalteholtz method). 1.9. 


the abdominal aorta. An arteriograph from 
an animal sacrificed 24 hours after opera- 
tion demonstrates an avascular zone be- 
tween branches of the lower left colic arter- 
ies proximally and a contribution from the 
inferior rectal artery to the anal canal 
distally. The lower left colic vessel immedi- 
ately proximal to the area is both enlarged 
and tortuous in response to the cutting off of 
the blood supply. At this stage there is no 
other collateral supply from vessels either 
above or below (Fig. 3). 

With a longer postoperative time interval 
it is evident that the area of ischemia is less, 
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Fic. 4. Fie. 5. 


Fic. 3. Arteriograph taken 24 hours after interrup- 
tion of the stem inferior mesenteric artery. X1.3. The 
arrow indicates the site of interruption. 

Fic. 4. Arteriograph taken 5 days after interruption 
of the stem inferior mesenteric artery. X1.5. The arrow 
indicates the site of interruption. 

Fic. 5. Arteriograph taken a fortnight after a similar 
operation. 1.5. The arrow indicates the site of inter- 
ruption. 


Fic. 3. 


since the collateral circulation has become 
more extensive, as shown in Figure 4, an 
arteriograph taken 5 days after operation 
(compare with Fig. 3). The site of ligation is 
well marked; the lower left colic arteries, by 
means of the anastomoses of their branches, 
have contributed to a much enlarged plexus 
on the gut wall which has enabled some fill- 
ing of the proximal part of the superior rectal 
artery. The latter affords transverse and 
oblique arteriae rectae not yet fully de- 
veloped. 

Stull later, a fortnight after operation (Fig. 
5), the collateral circulation has at this stage 
compensated completely for the effects of 
the occlusion. The entire vascular bed in the 
gut wall is filled with the injection mass. The 
pattern differs from that in Figure 4 in that 
there is no dense plexus remaining in the 
territory supplied by the lower left colic 
arteries. The upper left colic artery, the 
superior rectal artery, and its contributions 
to the anal canal are all pronounced, for the 
morphology of the vascular arrangements 
has undergone a change. 

These experiments, while occluding the 
inferior mesenteric artery at its origin, left 
intact the marginal vessel and assessed the 


relative importance of the following potcn- 
tial collateral channels: (1) supply from 
above afforded by the descending (anas- 
tomotic) branch of the superior mesenteric 
artery; and (2) the supply from below from 
the middle and inferior rectal arteries. 

b. Interruption of inferior division of inferior 
mesenteric artery (superior rectal artery). his 
was divided distal to the origin of the infe- 
rior left colic arteries. The procedure elimi- 
nated the direct route from the marginal 
vessel. 

It will be noted that 24 hours after opera- 
tion (Fig. 6) there is an irregular avascular 
zone proximal to the anal canal. The trunk 
for the lower left colic arteries (arising from 
the upper left colic artery) has undergone 
considerable enlargement and has afforded 
a large contribution to the supply of gut in 
its vicinity by means of a leash of vessels 
coursing inferiorly. Below this is a small zone 
supplied by an enlarged middle rectal 
artery. There is no injection mass in the 
superior rectal artery, however. 

Following an interval of 1 week (Fig. 7) it 
is clear that the collateral circulation is al- 
most fully developed, the main contribution 
being from above by means of the enlarged 
lower left colic trunk. The anal canal is 
comparatively well supplied by the inferior 
rectal artery. 

The relative importance of the inferior 
left colic arteries as collateral channels was 
further assessed by dividing them concur- 
rently with the inferior division of the infer- 
ior mesenteric artery. Figure 8 is the arterio- 
graph from a specimen removed 9 days after 
operation. There is still an ischemic zone 
after this lapse of time. A well marked leash 
of vessels arising from arteriae rectae has 
penetrated the area from above. The middle 
rectal artery has undergone some enlarge- 
ment, but not sufficient to compensate for 
the entire effects of the occlusion. The anal 
canal is well supplied from the inferior rectal 
artery. An interesting feature is the rosette 
of arteriolar vessels sprouting from both the 
divided superior rectal artery and the infe- 
rior left colic trunk. 














Fic. 6. Fic. 7. 
;. 6. Arteriograph taken 24 hours after interrup- 
of the inferior division of the inferior mesenteric 
y (superior rectal artery). 2.5. The arrow indi- 
the site of interruption. 

Arteriograph taken 1 week after interruption 
ic lower division of the inferior mesenteric artery 
crior rectal artery). 2.5. The arrow indicates the 
of interruption. 
ic. 8. Arteriograph taken 9 days after interruption 
he lower division of the inferior mesenteric artery and 
sion of the lower left colic arteries. X2.5. The arrows 
icate the sites of interruption and also the rosettes of 

vly formed vessels. 

lic. 9, Arteriograph taken 10 days after interruption 

both divisions of the inferior mesenteric artery. X3. 

© arrow indicates the site of interruption. 

ric. 10. Photograph of intrinsic plexus on gut wall in 
neighborhood of divided inferior mesenteric artery. The 

it has been cut along its antimesenteric border and 
opened out. Note increased size and tortuosity of vessels 
as compared with Figure 2. (Specimen cleared by modi- 

lcd Spalteholtz technique). 1.8. 

lic. 11. Arteriograph taken 3 days after interruption 
of a small segment of the marginal artery. X1.8. 


c. Interruption of both divisions of the inferior 
mesenteric artery. Following this operative 
procedure an avascular zone is evident even 
alter 10 days (Fig. 9). This lies between a 
plexus of tortuous vessels in the immediate 
vicinity of the divided inferior mesenteric 
artery (Fig. 10) and a more delicate vascu- 
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Fic. 8. Fic. 9. 





Fic. 10. Fic. 12. 


Fic. 12. Arteriograph taken 5 days after interruption 
of a larger segment of marginal artery than that depicted 
in Figure 11. X1.5. 


lar network from the middle rectal artery. 
The latter vessel has undergone a consider- 
able degree of enlargement compared with 
the results in previous occlusions. Because of 
the downward direction of its branches no 
anastomoses are observed between the latter 
and those descending from the proximal 





part of the avascular area. The contribution 
from the inferior rectal artery to the anal 
canal is again well developed. 


Type II. Interruption of the Marginal Artery 


The marginal artery of the gut was inter- 
rupted in this series of experiments in its 
proximal part nearer to the origin of the 
superior mesenteric artery than the division 
of the inferior mesenteric artery into its two 
main branches. This was carried out not 
only to assess the importance of this part of 
the vascular tree, but also to note any 
changes undergone by the adjacent arteriae 
rectae and their branches. 

When only a small segment of the margin- 
al artery is occluded (corresponding to a 
length from which two arteriae rectae 
arise), the collateral circulation responds 
rapidly through branches of the arteriae 
rectae immediately proximal and distal to 
the site of occlusion (Fig. 11). The increase 
in diameter and marked tortuosity of the 
vessel immediately proximal to the ligation 
site is well marked. Within 3 days the area 
originally cut off from a direct blood supply 
is well supplied, the direction of the vessels 
in this part of the gut wall being along the 
long axis of the gut. When a larger segment 
of marginal artery is interrupted the period 
taken for the ischemic area to become com- 
pletely revascularized takes longer. Figure 
12 demonstrates this point; in this experi- 
ment the length of marginal vessel occluded 
gave off 4 arteriae rectae; even after 5 days 
there is still an avascular zone; the size and 
disposition of the collateral circulation have, 
however, undergone considerable change. 
The contribution in this instance is mainly 
from below through the trunk common to 
the two inferior left colic arteries. 

A fortnight after a similar operation, how- 
ever, the collateral circulation had fully 
compensated for the effects of the initial 
ligation. In no instance did the section of 
marginal artery included between the two 
ligatures become later filled retrogradely 
through anastomotic channels, as one might 
expect. 
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Type III. Interruption of Arteriae Rectae 


The previous series of experiments (Type 
Il) demonstrates the efficacy of the arteriae 
rectae in compensating for limited occlu- 
sions of the marginal artery. ‘To assess the 
sufficiency of the anastomoses on the gut 
wall between these intrinsic vessels more 
accurately, and the potentiality of the col- 
lateral circulation between both adjacent 
and more distant arteriae rectae, two addi- 
tional types of experiments were undertaken 
in which (a) a group of adjacent vessels, and 
(b) alternate groups of vessels were inter- 
rupted. 

a. Interruption of adjacent arteriae rectae. The 
number of vessels ligated in series varied be- 
tween 1 and 6. Since the maximum effects 
were observed after interruption of 6 vessels 
the results of this procedure will be described 
in detail. 

After 24 hours a large area of gut is devoid 
of any macroscopic vessels (Fig. 13). The 
ischemic segment appears dilated while the 
vessels at the periphery of the area are some- 
what enlarged and tortuous. Further, there 
is no filling of the marginal artery from 
which the ligated vessels arise. After 12 days 
(Fig. 14) there is still an ischemic zone which 
is smaller, however, than that in Figure 13 
because more time has elapsed for the col- 
lateral circulation to become established. A 
plexus of vessels immediately proximal and 
distal to the affected area is invading the 
zone along the long axis of the gut, in the 
center of which a fine thread-like channel is 
linking up the two systems. The marginal 
artery is now completely patent (compare 
with Fig. 13). After 1 month (Fig. 15) the 
collateral circulation has fully compensated 
for the ligation of 6 arteriae rectae. The 
sites of their interruption are now evident, 
the injection mass having filled both ends of 
the occluded vessel. The chain-like anas- 
tomoses on the gut wall are enlarged and 
tortuous in the affected area, the descending 
branch of the superior mesenteric artery and 
the arteriae rectae not ligated are larger and 
more pronounced than normal. 
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Fic. 13. Fic. 14. 


Nic. 13. Arteriograph taken 24 hours after interrup- 
n of 6 adjacent arteriae rectae. 1.75. 

lic. 14. Arteriograph taken 12 days after interrup- 
mn of 6 adjacent arteriae rectae. 2.5. The arrow indi- 
ites fine vessel joining two systems of collateral vessels. 


b. Interruption of alternate groups of arteriae 
clae. In a smaller series than Type IIIa, 
he arteriae rectae were divided singly or in 
roups of 2 or 3, leaving normal vessels in 
etween. In an animal sacrificed 3 days 
(ter interruption of alternate vessels (3 ves- 
‘Is being ligated in all), the collateral cir- 

culation has opened up rapidly and the 
vascular bed is completely filled. The li- 
rated vessels contain injection mass up to 
iheir point of interruption. A considerable 
difference is noted in Figure 16, which is an 
arteriograph taken 4 days after 2 groups, 
each consisting of 3 vessels, had been divided 
(leaving 2 normal vessels between the groups 
operated upon). An avascular area is pres- 
ent adjacent to the mesenteric border. The 
collateral circulation, however, has under- 
gone a considerable degree of enlargement 
(the vessels outside the area are extremely 
fine tortuous channels running mainly ina 
longitudinal direction). 


Type IV. Combination of the Three Types Afore- 
mentioned 


In this series, which involved the most 
drastic surgical intervention, there were 4 
deaths. All followed the operation of inter- 
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Fic. 15. Fic. 16. 


Fic. 15. Arteriograph taken 1 month after interrup- 
tion of 6 adjacent arteriae rectae. 2.5. 

Fic. 16. Arteriograph taken 4 days after interruption 
of two groups of arteriae rectae, leaving 2 normal vessels 
between the groups. X2.1. 


ruption of the inferior mesenteric artery 
combined with removal of a segment of mar- 
ginal artery that gave origin to 6 arteriae 
rectae (incidentally these were divided 
before removing part of the marginal ar- 
tery). Figure 17 is typical of the findings 
following this extensive operation; the gut 
is dilated and necrotic and the greater 
part of the specimen is without blood 
supply. There is no evidence of any col- 
lateral circulation being afforded to the 
devitalized zone. Only 1 animal out of 5 
undergoing this operative procedure sur- 
vived 24 hours and it was then sacrificed. It 
is doubtful whether this animal would have 
eventually recovered, although the arterio- 
graph (Fig. 18) demonstrates the great 
potentiality of the arteriae rectae and their 
longitudinal anastomoses in this instance. 
The branches of 2 of these arteriae rectae 
have extended over an area equivalent to 
the territory normally supplied by 4 such 
vessels. 

When the marginal artery was removed 
without ligating the inferior mesenteric ar- 
tery at its origin all the animals survived. 
Figure 19 is an arteriograph from such an 
experiment; it demonstrates complete com- 











Fic. 18. 


Fic. 17. Arteriograph taken after interruption of in- 
ferior mesenteric artery combined with removal of a 
segment cf marginal artery. The animal died within 24 
hours after this operation. 

Fic. 18. Arteriograph taken 24 hours after interrup- 
tion of the inferior mesenteric artery combined with 
removal of a segment of marginal artery. 1.0. The 
arrow indicates the lower limit to which the collateral 
circulation has extended. 

Fic. 19. Arteriograph taken a fortnight after removal 
of a segment of marginal artery. 1.6. 

Fic. 20. Arteriograph taken a fortnight after removal 
of a larger segment of marginal artery than that shown in 
Figure 19. X1.6. 


pensation of the impaired blood supply, by 
the collateral circulation after a lapse of a 
fortnight. In addition to the dense plexus of 
vessels on the gut wall, between the two ex- 
tremities of the segment removed, there are 
many fine channels bridging the gap origin- 
ally occupied by the marginal artery. In 
view of the complete removal of the segment 
of marginal artery together with the sur- 
rounding connective tissue, it is likely that 
these are newly formed vessels. Other sup- 
porting evidence relative to new vessel 
formation is shown in Figures 8 and 20. In 
the latter the segment of marginal artery 
resected is longer than that in the specimen 
shown in Figure 19. The arterial rete is 
noticeable between the inferior division of 
the inferior mesenteric artery and vessels on 
the gut wall. 
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DISCUSSION 





From these experiments it is evident that 
the terminal part of the large intestine in the 
rat has a very large vascular reserve, for ii is 
only possible to impair its viability by inter- 
rupting the inferior mesenteric artery at its 
origin and removing a large segment of mar- 
ginal artery, as in the Type IV operation (4 
animals subjected to this died, and recovery 
of the fifth was doubtful). Less extensive 
ligations of the arteries supplying the cut 
produced temporary ischemia only. 

In all the operations of Type I the avascu- . 
lar zone produced initially was similar in 
situation irrespective of whether the stem 
inferior mesenteric artery, its lower branch, 
or both main branches were interrupted 
(Figs. 3, 4, 6, and 9). It occupied an area 
limited proximally by ramifications of the 
lower left colic arteries on the gut wall, and 
distally by the proximal part of the anal 
canal, supplied by branches from the infe- 
rior rectal artery. In no instance was an 
avascular zone produced proximal to the 
branches of the lower left colic arteries. The 
main differences between the various experi- 
ments of Type I were in the time taken to 
revascularize the ischemic zone and the 
morphology of the collateral circulation fol- 
lowing the different types of ligation. The 
speed with which the collateral circulation 
compensated for the effects of occlusion de- 
pended on the number and size of the col- 
lateral vessels available. When the lower 
division (superior rectal artery) was inter- 
rupted compensation took about 8 days, 
when occluding the stem of the inferior 
mesenteric artery between 10 days and a 
fortnight, and when both main divisions 
were divided a zone of ischemia still per- 
sisted after 3 weeks. ‘The relative importance 
of the various collateral channels has already 
been described and illustrated; suffice it to 
say that the maximum response to ischemia 
was elicited from the collateral channels 
proximal to the site of ligation (i.e., the mar- 
ginal artery if intact, or failing this the 
lower left colic vessels or arteriae rectae 
proximal to these). 
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The contribution from below was not so 
iarked and was negligible in experiments 
{ Type la. Some enlargement was evident, 
owever, in the middle rectal artery follow- 
.¢ a Type Ib ligation and considerable en- 
‘rgement was present following additional 
clusion of the lower left colic trunk, hence 
minating most of the supply from above. 
In all these experiments the inferior rectal 
‘ery maintained a good blood supply to 
e anal canal, although it never contributed 
uch to the collateral circulation. 
\ striking feature of the other types of 
ation was the great potentiality of the 
\eriae rectae and their branches in afford- 
: collateral pathways. Although well de- 
loped following ligations of the marginal 
iery they were even more prominent after 
e interruption of groups of arteriae rectae. 
ne most striking enlargement, however, 
is noted in the specimen from the animal 
iviving combined interruption of the in- 
rior mesenteric artery and removal of the 
arginal artery (Fig. 18). 
Weyrauch and de Garis in a similar study 
oted constant enlargement and increased 
rtuosity of the larger collateral channels 
llowing occlusion of the arteries in the rat 
iesentery. They also observed the develop- 
ient of extensive capillary plexuses ‘‘col- 
ateral to the sites of occlusion,” and though 
iot shown in their illustrations, they de- 
cribed the formation of vascular retia along 
he courses of the occluded arteries. In pre- 
vious studies (4, 5) the importance of the 
preformed macroscopic anastomoses as col- 
lateral channels and their development 
have been described in some detail. In these 
experiments they showed a rapid response 
io altered hemodynamic conditions; definite 
enlargement could be detected within 24 
hours of operation and proceeded over a 
considerable period (depending on the type 
of interruption carried out), until the area 
of ischemia had been revascularized. The 
increases in size and length (increased tor- 
tuosity) of the preformed anastomoses cor- 
respond closely to the patterns described by 
Weyrauch and de Garis. Further, the addi- 


Braithwaite: EFFECTS OF INTERRUPTION OF INFERIOR MESENTERIC ARTERY 





529 


tional contributions afforded by localized 
capillary plexuses around the site of occlu- 
sion have been noted in many of the present 
experiments. ‘The formation of localized net- 
works of small vessels supplementing the 
larger collateral channels have been previ- 
ously described by Porta, Reichert, Pearse, 
and others; the last named, however, was of 
the opinion that these channels represented 
enlarged vasa vasorum. Since the experi- 
ments of Clark and Clark in 1931 using the 
transparent chamber technique, the major- 
ity of workers believe that the localized net- 
works around sites of occlusion are newly 
formed vessels. ‘The rete-like formation pre- 
viously observed by Weyrauch and de Garis 
is well marked in Figure 8 of this paper, in 
which the vascular bed of the hind gut was 
injected 9 days after operation. During the 
evolution of a collateral circulation this 
perivascular rete was not detected (by the 
technique used) until the later stages (from 
a week onward) when the vessels of the rete, 
being of arteriolar size, admitted the parti- 
cles of micropaque. At earlier stages it is 
probable that the network around the liga- 
tion site consisted of vessels of capillary size, 
not large enough to allow the passage of an 
injection mass with a particle size up to 12 
microns. Later stages in the formation of 
new blood vessels are shown in Figures 20 
and 19, both taken a fortnight after opera- 
tion. In the former there is a communica- 
tion between the occluded vessel and the 
plexus of vessels on the gut wall. The latter 
(Fig. 19) shows a similar pattern of vessels 
coursing along the site of the strip of margi- 
nal vessel which had been removed. At this 
stage the rete-like vessels from both ends of 
the segment have joined. Since a large col- 
lar of connective tissue was removed at the 
same time as the vessel and its sheath, these 
vessels cannot possibly be enlarged vasa 
vasorum. 

One must be cautious in making analo- 
gies between the results following ligation of 
the inferior mesenteric artery in the rat and 
those in man. The patterns of supply differ 
in some respects (see supra), although in both 





species when the inferior mesenteric artery 
is occluded, the collateral circulation is en- 
tirely dependent on the contribution of the 
superior mesenteric artery to the marginal 
anastomosis from above and to a much less 
degree on the contributions of the middle 
and inferior rectal arteries from below. The 
marginal anastomosis was found to be con- 
stant in man by Steward and Rankin, and 
present observations show this to be the case 
in the rat. Its functional importance as a 
collateral channel has been noted at opera- 
tion, by Ault, Castro, and Smith (3), Snell- 
man, and Goligher (9), and the present 
findings corroborate their views. 

Following ligation of the inferior mesen- 
teric artery, Snellman observed that the 
blood supply was adequate to a level cor- 
responding to the middle of the descending 
colon. Goligher (9) considered that in 32 
out of 37 of his cases both the descending 
colon and iliac colon were viable. Following 
this ligation, in the present experiments an 
area of hind gut slightly larger than the 
ischemic zone depicted in Figure 3 appeared 
blue and the neighboring vessels showed no 
visible pulsations. Observations made later, 
however, have shown the great compensa- 
tory powers of the collateral circulation in 
revascularizing this apparently devitalized 
length of gut. This point is not only of aca- 
demic interest, for, bearing in mind the 
response of the collateral circulation and the 
time taken for it to develop to any degree, it 
is probable that recovery would occur in 
many instances in which the surgeon, after 
carrying out a resection, is doubtful about 
the viability of the more distal part of the 
proximal segment. 

All observers including Drummond, Stew- 
ard and Rankin, and others are agreed that 
the superior rectal artery affords the main 
contribution to the rectum in man and the 
supply afforded by the middle and inferior 
rectal arteries is of comparatively little im- 
portance. 

Steward and Rankin recommend that in 
resection of the left colon no rectal stump 
should be left because of the likelihood of 
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necrosis if dependent on the middle and in- 
ferior rectal arteries only, for its blood sup- 
ply. Present findings, though regarding the 
contributions of the middle and inferior rec- 
tal arteries as of comparatively little impor- 
tance in the normal animal, are at complet: 
variance with the views of these workers re- 
garding the potentiality of these arteries as 
collateral channels. The experiments have 
shown that (although not removing a sec- 
tion of gut) if the blood supply from above is 
cut off, the middle rectal artery can undergo 
considerable enlargement and afford a col- 
lateral supply to the lowermost part of the 
hind gut. This supply from below supports 
in part the views of Ault, Castro, and Smith 
(2,3) and Goligher (8), although these 
workers claim that as the middle rectal 
arteries had been divided the supply to the 
rectal stump came from the inferior rectal 
arteries. 

In the present series of experiments, al- 
though the anal canal has always been well 
supplied, no additional contribution of the 
inferior rectal artery to the collateral cir- 
culation has been noted. This is probably 
due to the capacity of the more proximal 
middle rectal arteries to compensate for the 
ischemia. The latter are normally such fine 
branches and arise so close to the pelvic floor 
that a satisfactory surgical technique for 
their interruption has not yet been evolved. 


SUMMARY AND CONCLUSIONS 


1. The blood supply to the terminal part 
of the hind gut has been investigated in the 
rat and compared with the vascular ar- 
rangements in man. 

2. Ligation experiments of four types 
have been undertaken in 40 animals, not- 
ing: (a) the morphology of the collateral cir- 
culation and its evolution in animals sacri- 
ficed at intervals ranging from 24 hours to 1 
month after operation, and (b) the extent of 
arterial interruption necessary to produce 
necrosis of the gut. 

3. The vascular reserve of the large gut is 
very great, necrotic changes only occurring 
when the inferior mesenteric artery is oc- 
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cluded and a large segment of marginal 
artery removed in addition. In less severe 
operations the only effect is a temporary 
ischemia. 

4. The morphology of the collateral cir- 
culation varies with the type of ligation 
experiment undertaken and the interval 
occurring between operation and sacrifice. 
[he various patterns are fully described and 
illustrated in the text. 

5. The bearing of the experiments, in- 
volving interruptions of the inferior mesen- 
‘eric artery at its origin to similar recent 
procedures carried out in the course of 
)peration in man, is discussed. 
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INFANTS AND CHILDREN 


SURGICAL IMPLICATIONS OF THE MEDIASTINAL 
SHADOW IN THORACIC ROENTGENOGRAMS OF 


F. HENRY ELLIS, JR., M.D., JOHN W. KIRKLIN, M.D., F.A.C.S., 


JOHN R. HODGSON, M.D., LEWIS B. WOOLNER, M.D., and 


JAMES W. DUSHANE, M.D., Rochester, Minnesota 


‘THE SUBJECT OF MEDIASTINAL Cysts and neo- 
plasms has received considerable attention 
in the surgical literature of the last 10 years. 
Thoracic surgeons and their medical col- 
leagues are becoming increasingly aware of 
the dangerous potentialities of such tumors 
and now that the risk of exploratory thora- 
cotomy is exceedingly low, surgical removal 
of abnormal mediastinal masses seen on 
roentgenograms of the thorax is readily un- 
dertaken. 

The bulk of the literature on this subject 
concerns adults. With few exceptions, little 
attention has been given to the special 
problems that arise when an unusual roent- 
genographic mediastinal shadow is seen in 
an infant or child. ‘There is no clear concep- 
tion either of the relative frequency or of 
the malignant potentialities of intrathoracic 
cysts and neoplasms in patients of this age 
group. 

The purpose of this report is to describe 
the characteristics of the normal roentgeno- 
graphic mediastinal shadow in the infant 
and child and to determine the surgical 
implications of abnormal mediastinal shad- 
ows when they occur. 


NORMAL MEDIASTINAL ROENTGENOGRAPHIC 
SHADOW 


In order to determine the characteristics 
of the normal mediastinal shadow in the 
thoracic roentgenograms of infants and chil- 


dren and to determine the time, nature, and 

From the Sections of Surgery, Roentgenology, Surgical 
Pathology, and Pediatrics, Mayo Clinic and Mayo Foundation, 
Rochester, Minnesota. 





degree of its changes during growth and 
development, the thoracic roentgenograms 
of several hundred children were reviewed 
by Hodgson. These children had no symp- 
toms referable to the chest nor any evidence 
suggesting intrathoracic disease and the 
thoracic roentgenograms had _ previously 
been reported as normal. Separation of 
patients into the following age groups will 
facilitate discussion: (1) newborn through 
the first month; (2) 1 month through 12 
months; (3) 1 year through 3 years; and (4) 
4 years and over. 

Newborn through the first month. The shad- 
ows of the aorta and the pulmonary vessels 
are difficult to identify in the thoracic 
roentgenograms of most newborn infants. 
The mediastinal shadow in this age group, 
however, seems to be proportionately wider 
than it is in older children and adults be- 
cause of the proportionately larger heart 
and thymus. In our experience there is 
almost always a recognizable thymic shad- 
ow in newborn infants, although there is 
great variation in its size and shape. 

One month through 12 months. ‘The medias- 
tinal shadow in this age group reveals a 
progressive decrease in cardiac size, until at 
the end of the first year of life the ratio of 
cardiac size to chest size is approximately 
that of the adult. The aorta remains hidden 
while the pulmonary vessels are proportion- 
ately larger with respect to the chest than 
they are later in life. 

The thymic shadow is still present if it 
was seen roentgenologically at birth, al- 











Ellis e¢ al.: SURGICAL IMPLICATIONS OF MEDIASTINAL SHADOW 





533 





Fic. 1. Thoracic roentgenograms showing variations 
in the roentgenographic shadow of the normal thymus 
in infants and children. a, Unilateral shadow; b, bilat- 


though it will usually have decreased in size 
by 1 year of age; if the thymic shadow at 
birth was not particularly noticeable it may 
be larger at 1 year of age. 

One year through 3 years. In this age group, 
that part of the mediastinal shadow in the 
roentgenograms produced by the heart is 
essentially comparable with a similar shad- 
ow in adults. 

The shadow of the thymus begins to 
decrease in size after the first year and by 3 
years of age it has usually disappeared com- 
pletely. Very little of the thymus remains 





eral shadow; c, unilateral shadow with notch between 
thymus and heart; d, identifiable thymic shadow over- 
lying cardiac silhouette. 


to be seen on the roentgenogram after 2 
years of age. 

Four years and over. The mediastinal shadow 
in children over 4 years of age, as evident 
on the roentgenogram, does not vary much 
from that of the mediastinum in the healthy 
adult. Persistent thymic shadows will some- 
times be present, producing unilateral or 
bilateral widening of the mediastinum. 
About 2 per cent of children over 4 years of 
age will have a thymus that can be recog- 
nized as such on the roentgenogram of the 
chest. 
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TABLE I.—PRIMARY MEDIASTINAL CYSTS AND 
NEOPLASMS IN INFANTS AND CHILDREN ~ 


a a 


Lesion Benign Malignant No. Per cent 
Teratomatous tumors 14 31.1 
Teratoma 7 
Dermoid cyst 5 
Teratocarcinoma 2 
Neurogenic tumors 14 x | 
Ganglioneuroma 9 
Neurofibroma 3 
Neuroblastoma 1 
Neurofibrosarcoma 1 
Enterogenous cysts 6 13.3 
Bronchogenic cyst 3 
Esophageal cyst 1 
Gastric cyst 1 
Indeterminate 1 
Cystic hygromas 4 4 8.9 


Vascular tumors 4 8.9 
Cavernous hemangioma 
Hemangiopericytoma 


ss 


Angiosarcoma 2 
Grade 4 malignant neo- 3 3 6.7 
plasms (unclassified) 
Total No. 36 9 45 
Per cent 80.0 20.0 100.0 


Roentgenographic characteristics of the normal 
thymus. For those unaccustomed to viewing 
thoracic roentgenograms of infants and 
small children, the image cast by a normal 
thymus may be a source of considerable 
confusion. Widening of the mediastinal 
shadow due to the thymus, either unilateral 
(Fig. 1a) or bilateral (Fig. 1b), is commonly 
seen in thoracic roentgenograms of small 
children. In such cases the outline has a 
smooth border and the lateral border is 


TABLE II.—PRIMARY CYSTS AND NEOPLASMS OF 
THE MEDIASTINUM; SUMMARY OF 6 REPORTED 
SERIES CONSISTING PREDOMINANTLY OF ADULTS 








Total 
Lesion Benign Malignant No. Per cent 
Neurogenic tumors 125 18 143 30.4 
Teratomatous tumors 87 be 102 4 
Enterogenous cysts 61 13.0 
Bronchial 44 
Esophageal 6 
Gastric Ks 
Enteric 2 
Indeterminate 6 
Thymomas 28 10 38 8.1 
Pericardial cysts 34 34° tie 
Intrathoracic thyroids 25 vd 27 a7 
Undifferentiated carci- 23 23 4.9 
noma and sarcoma 
Miscellaneous 42 42 9.0 
Total No. 402 68 470 
Per cent 85.7 14.3 100.0 





Reported by Blades, Curreri and Gale, Harrington, Brewer and 
Dolley, Sabiston and Scott, and Burnett, Rosemond, and Bucher, 





generally straight or slightly concave. Ii 
does not pulsate except by transmitted 
pulsation and it does not contain calcium. 

The normal thymus may project into the 
right thoracic cavity. A notch between this 
peninsula of the thymus and the right 
cardiac border (Fig. 1c) is usually seen. 
Such a notch when present is good evidence 
that a mediastinal widening is due to the 
thymus and not to enlarged mediastinal 
nodes. Sometimes, if the technical aspects 
of the thoracic roentgenogram are particu- 
larly good, the margins of the lobes of the 
thymus may be seen superimposed on the 
cardiac silhouette (Fig. 1d). This may be 
due to a covering layer of fat around the 
thymus and is of help in its identification. 


MATERIAL FOR REVIEW 


In order to determine the surgical im- 
plications of abnormal mediastinal shadows 
in infants and children, another large group 
of thoracic roentgenograms were reviewed. 
One hundred and eighty-one thoracic roent- 
genograms made during the period January 
1935 through December 1953 of children 
under 15 years of age were reported as show- 
ing some abnormality of the mediastinal 
shadow. These roentgenograms were studied 
in an attempt to single out the cases in 
which the roentgenographic characteristics 
of the mediastinal shadow were such as to 
suggest a true mediastinal cyst or neoplasm. 

Eighty-three patients were excluded from 
the study because the review of the roent- 
genograms indicated that the mediastinal 
shadow was not due to a mediastinal tumor. 
The mediastinal shadow considered to be 
abnormal at the initial examination in some 
of these 83 patients was considered on re- 
view to be actually within the range of 
normal for the particular age group con- 
cerned. The mediastinal shadow in other 
instances was considered to be due to the 
thymus. In still other instances bilateral 
hilar adenopathy was responsible for the 
abnormal mediastinal shadow and _ these 
cases were likewise eliminated from further 
consideration. 
























c 
Fic. 2. Thoracic roentgenograms of 4 surgical patients 
with incorrect preoperative diagnosis of true mediastinal 


MEDIASTINAL MASSES OF SURGICAL 
SIGNIFICANCE 

There remained then 98 patients, review 
of whose thoracic roentgenograms suggested 
a true mediastinal cyst or neoplasm. The 
records of these patients were reviewed and 
the findings are summarized as follows: 
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cyst or neoplasm. a, Lymphoma (Hodgkin’s); b, hyper- 
plastic thymus; c, granuloma; d, fibrous mediastinitis. 


Primary mediastinal cysts or neoplasms 
other than lymphoma accounted for 45 of 
the cases reviewed. Although a lymphoma 
may arise as an isolated tumor in the 
mediastinum it is considered separately in 
this study. Pathologic examination of tissue 
removed from elsewhere in the body led to a 
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b 


Fic. 3. Dermoid cyst of mediastinum. a, Posteroanterior thoracic roentgenogram; b, lateral projection. 


clinical diagnosis of mediastinal lymphoma 
in 13 cases. Surgical exploration of the tho- 
rax was Carried out in 5 additional cases of 
lymphoma because a diagnosis was not 
possible clinically. Metastatic malignancy 
was suggested by the presence of malignant 
lesions elsewhere in the body in 6 of the 
cases. 

Blood smears led to the diagnosis of leuce- 
mia in 5 cases. Exploration was carried out 
in 3 patients in whom the mediastinal shad- 
ow was due to a hyperplastic thymus, in 1 
patient with a mediastinal granuloma, and 1 
with fibrous mediastinitis. There were 19 
patients in whom the etiology of the 
mediastinal mass was never determined for 
a variety of reasons. 

Of special interest in this group of 98 
patients are those in whom exploratory 
thoracotomy failed to reveal a true mediasti- 
nal cyst or neoplasm. There were 10 such 
patients. Five patients were found to have a 
lymphoma as stated earlier, 3 with lympho- 
sarcomas, 1 with reticulum cell sarcoma, 


and 1 with Hodgkin’s disease. In 4 of these 
patients a unilateral diffuse density was seen 
on roentgenograms of the thorax. The clini- 
cal impression in each case was that of a 
malignant mediastinal tumor. In 1 of the 5 
patients a unilateral, somewhat lobulated, 
mediastinal mass was seen on a roentgeno- 
gram (Fig. 2a) of the thorax. Exploratory 
thoracotomy revealed the presence of a mass 
of lymph nodes which on microscopic 
examination proved to be lesions of Hodg- 
kin’s disease. 

In 3 of the 10 patients a hyperplastic 
thymus was found at operation to be re- 
sponsible for a mediastinal shadow which 
had been interpreted on the thoracic roent- 
genogram as indicating a true tumor. The 
appearance of the shadow in 2 of these 3 
patients was suggestive of thymus but the 
ages of the patients, 414 and 7 years, made 
this diagnosis seem unlikely. ‘The other pa- 
tient was 4 months old and serial thoracic 
roentgenograms demonstrated a _ rapidly 
enlarging right anterior mediastinal tumor 























vhich clinically was thought to be consist- 
‘nt with a malignant teratoma (Fig. 2b). 

There were 2 other patients in whom ex- 
oratory thoracotomy failed to reveal a 
rue mediastinal cyst or neoplasm. A medi- 
.stinal granuloma with cultures subsequent- 

negative was removed from 1 patient 
ig. 2c). The other patient proved to have 

dense fibrous mediastinitis of uncertain 
\iology (Fig. 2d). The thoracic roentgeno- 
‘rams of both of these patients were con- 
istent with the diagnosis of mediastinal 
amor. 


RIMARY MEDIASTINAL CYSTS AND 
“OPLASMS 


General considerations. ‘There were 45 pa- 
ents in whom the abnormal mediastinal 
hnadow seen on roentgenograms of the 
\orax was due to a primary mediastinal 

yst or neoplasm. The nature of these 
umors is listed in Table I. The diagnosis 
was established in all but 2 of these patients 
by surgical removal or biopsy of the tumor. 
in 2 patients the diagnosis was made at 
necropsy. There was 1 operative death in 
he group under review. 

Certain fundamental differences of the 
over-all incidence of the various cysts and 
neoplasms encountered in this group of in- 
fants and children as compared with those 
seen in adults are noteworthy. Table II 
summarizes 6 reported series of mediastinal 
tumors. Little is said regarding the age of 
these patients but Blades’s report was 
limited to adults and Sabiston and Scott 
stated that 77 per cent of the patients in- 
cluded were more than 20 years of age. It 
can be assumed then that these lesions were 
predominantly in adults. Certain liberties 
were taken with the authors’ classifications. 
Mediastinal lymphomas and granulomas 
were excluded and, because mesotheliomas 
seem to present a special problem, they, 
too, have been eliminated. 

Teratomatous tumors and neurogenic 
tumors occur with equal frequency and 
together account for 62 per cent of the 
tumors in infants and children, while neuro- 
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Fic. 4. Teratoma with malignant degeneration. a, 
Posteroanterior thoracic roentgenogram; b, cross section 
of surgically removed specimen. 


genic tumors lead the list in adults. Gan- 
glioneuromas are the commonest neurogenic 
tumors in the younger age group in contrast 
to the findings in adults. Cystic hygromas 
and vascular tumors are relatively com- 
moner in infants and children than in 
adults while pericardial cysts, intrathoracic 
thyroids, and tumors of the thymus were not 
encountered at all in this series of infants 
and children. The rate of malignancy is 
slightly higher in the series reported here 








Fic. 5. Ganglioneuroma. a, Posteroanterior thoracic 
roentgenogram; b, lateral view; c, gross specimen. 


(Table I), being 20 per cent as opposed to 
14.3 per cent in the 6 series reviewed in 
Table IT. 

The only other report dealing specifically 
with mediastinal cysts and tumors in in- 
fants and children is that of Gross. There 
are some differences between the group here 
reported and that of Gross that are not 
easily explained. In his series of 49 cases the 
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predominant lesions were enterogenous 
cysts and reduplications of the alimentary 
tract, while there was a fairly low incidence 
of teratomatous tumors. He encountered a 
much higher incidence of malignancy in 
his series of cases than did we, 34.6 per cent 
as opposed to 20 per cent. 

Special considerations. Teratomatous tumors. 
—Surgical excision was carried out in all 
14 cases with 1 operative death. Three of the 
youngest patients in the series were found 
to have a teratoma or dermoid cyst at the 
time of surgical exploration. ‘Their ages were 
5 weeks, 3 months, and 5 months. 

These tumors lie typically in the anterior 
mediastinum and on a thoracic roentgeno- 
gram appear as fairly dense masses oc- 
casionally containing amorphous masses of 
calcium (Fig. 3). The calcium appears as 
scattered masses rather than diffuse small 
densities. The margins of these tumors are 
quite sharp and well defined and while they 
may occur on either side of the thorax they 
were located more commonly on the right 
in the group under review. In only 1 of the 
14 cases was the lesion found to be located 
posteriorly. ‘The mass may assume extreme- 
ly large proportions and may practically fill 
1 of the 2 thoracic cavities as it did in 6 of 
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our 14 cases. Surgical removal in these cases 
may be difficult. In 3 instances perforation 
f the lesion had occurred either into the 
lung or into the chest wall, complicating the 
surgical procedure. In 1 of these 3 cases it 
was necessary to carry out a middle lobec- 
‘omy and a segmental resection of the an- 
icrior segment of the upper lobe in addition 
io removal of the tumor. In 2 patients, the 
tcratomas had undergone malignant de- 
veneration (Fig. 4). 

Neurogenic tumors.—These arise from 
intercostal or sympathetic nerves and lie 
typically in the posterior gutter of the 
thorax. Strictly speaking, they do not arise 
from the mediastinum but they are com- 
monly included in the group of mediastinal 
tumors. They may occur on the right or left 
and may be located in the superior, mid, 
or inferior mediastinum. All of the neuro- 
genic tumors in this series were located in 
the posterior mediastinum. 

Ganglioneuromas arise from the sympa- 
thetic nerves and are common in children. 
These tumors made up 9 of the 14 neuro- 
genic tumors encountered. On_ thoracic 
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Fic. 6. Bronchogenic cyst. a, Posteroanterior thoracic roentgenogram; b, lateral view. 


roentgenograms they tend to be elongated 
lesions and to extend over a distance of 
several vertebrae (Fig. 5) with a broad 
base along the mediastinum, whereas neuro- 
fibromas are more rounded in outline. Both 
of these types of tumor may produce erosion 
or deformity of the ribs or thoracic vertebral 
bodies, separation of the ribs, and enlarge- 
ment of the intervertebral foramen. One or 
more of these changes were present in 5 of 
our cases while in 1 case a dumbbell 
ganglioneuroma was present, part being 
intrathoracic and part intraspinal. Com- 
plete removal of this tumor was effected 
and has been reported by Svien and co- 
workers. Occasionally complete removal of a 
ganglioneuroma is difficult because of its 
multiple extensions. 

Both ganglioneuromas and neurofibromas 
produce lesions of varying density as seen 
on thoracic roentgenograms. Calcium can 
rarely be demonstrated on the roentgeno- 
gram although it may be seen on section of 
the gross specimen. Neuroblastomas differ 
in this regard and the example of this con- 
dition which occurred in a child 1 year old 








Fic. 7. Cystic hygroma as seen on the posteroanterior 
thoracic roentgenogram. 


demonstrated multiple areas of calcification 
on the thoracic roentgenogram. Complete 
surgical removal of this tumor was impos- 
sible. One neurofibrosarcoma of the medi- 
astinum was found by Maksim and asso- 
ciates at postmortem examination in a 
patient with von Recklinghausen’s disease. 

Enterogenous cysts. —These make up 
approximately the same percentage of cases 
of mediastinal cysts and neoplasms in in- 
fants and children as in adults. They are 
congenital lesions resulting from the pinch- 
ing off of a portion of the foregut or its 
tracheobronchial branches during develop- 
mental life. They subsequently develop as 
isolated cystic structures and commonly 
remain in the mediastinum. 

These cysts may be related embryologi- 
cally to the bronchial tree, esophagus, 
stomach, or intestinal canal, the commonest 
being those related to the bronchial tree. 
These are termed ‘‘bronchogenic cysts’? and 
are lined by ciliated epithelium, frequently 
contain mucous glands and cartilage in 
their walls and are filled with a thick mucoid 
material. They usually occur in the superior 
and mid mediastinum in relation to portions 
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of the tracheobronchial tree to which they 
may be adherent. There were 3 such bron- 
chogenic cysts encountered in this series 
(Fig. 6). One esophageal cyst and 1 gastric 
cyst were also encountered; the latter case 
was reported by Dickson, Clagett, and 
McDonald. It was impossible to determine 
the nature of 1 cyst because its lining epi- 
thelium had been destroyed. 

Enterogenous cysts present a quite con- 
stant roentgenographic appearance. They 
tend to lie in the mid mediastinum although 
they may occur posteriorly. They are sharply 
circumscribed, quite dense, and uniformly 
oval in shape. They are usually only small 
or moderate in size. Surgical removal was 
easily effected in all 6 cases although all 
the cysts were adherent to the tracheo- 
bronchial tree, esophagus, or diaphragm. A 
small bronchial communication was present 
in 1 case connecting a bronchogenic cyst to 
the right main bronchus. 

Cystic hygromas.—These are compara- 
tively rare lesions although they are en- 
countered more commonly in infants and 
children than in adults. These lesions are 
distinct from celomic cysts commonly en- 
countered in adults in relation to the peri- 
cardial sac. Each of the 4 patients in this 
series had a mass in the neck on physical 
examination. 

The lesion appears roentgenographically 
as a rather large unilateral or bilateral mass 
in the superior mediastinum usually ex- 
tending into the neck (Fig. 7). The margin 
of the mass is well defined and the border 
tends to be straightened rather than round- 
ed and is directed upward and outward 
from the level of the hilum of the lung or 
bifurcation of the trachea to the apex of 
the chest. 

Complete surgical removal in all 4 cases 
was difficult because of adherence of the 
cyst to the surrounding structures and its 
extension into the neck. 

Vascular tumors.—These undoubtedly 
constitute one of the rarest of the mediastinal 
tumors. It is of interest that in this small 
group of lesions occurring in infants and 




















iildren there should be 4 such tumors 
countered, 1 hemangioma reported by 3 

| us (6), 1 hemangiopericytoma which has 
cen reported by Fergeson, Clagett, and 
\lcDonald, and 2 angiosarcomas (Fig. 8). 
In no instance was the diagnosis made 
weoperatively. The thoracic roentgeno- 
‘ram presented no special characteristic 
icatures. Vascular tumors may lie anywhere 
n the mediastinum from the thoracic inlet 
\o the diaphragm. In all 4 of our cases they 
were located in the upper portion of the 
thorax. They presented a uniformly round- 
cd appearance of moderate density without 
calcium. They may resemble enterogenous 
cysts or neurofibromas; however, on lateral 
roentgenographic views an anterior position 
is common and was noted in 3 of our 4 cases. 
The 2 angiosarcomas resembled the be- 
nign tumors in that their borders were well 
circumscribed on roentgenographic views 
of the thorax. However, they were of con- 
siderably larger size than the benign tumors 
and destruction of the anterior portion of 
the left second rib was present in 1 case. 
Because of the infiltrative nature of both 
of these tumors it was impossible to remove 
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Fic. 8. Mediastinal angiosarcoma. a, Posteroanterior 
thoracic roentgenogram; b, lateral view; c, cross section 
of surgically removed specimen. 


them completely at the time of operation. 
Both benign vascular tumors were excised 
without difficulty. 

Grade 4 sarcoma, unclassified.—There 
were 3 mediastinal tumors that could not 
be classified histologically. They were con- 
sidered highly malignant sarcomas of un- 
certain origin. All 3 patients were under 3 
years of age and all died rapidly of their 
disease. 











In 2 cases surgical exploration was carried 
out because of a huge mass practically filling 
one thoracic cavity. Biopsy was performed 
in these 2 cases. The tumor in the third 
case was found at the time of postmortem 
examination and it was impossible in this 
instance also to determine the origin of the 
tumor. 


SUMMARY 


The variability of the mediastinal shadow 
as seen on thoracic roentgenograms of in- 
fants and young children may present a 
serious diagnostic problem to the surgeon. 
The shadow cast by the thymus contributes 
to this difficulty in children under 2 years of 
age. It may be unilateral or bilateral and 
may overlie the cardiac silhouette. When a 
mediastinal shadow projects into the right 
thoracic cavity forming a notch between it 
and the cardiac shadow its thymic nature 
is almost assured. Over the age of 2 years 
the thymic shadow is seldom of significance. 
It may persist, however, and exploratory 
thoracotomy may be necessary to exclude a 
true mediastinal cyst or neoplasm. 

Thoracic roentgenograms suggesting a 
true mediastinal cyst or neoplasm were 
found in this series of cases to be due to a 
variety of causes including lymphoma, 
metastatic malignancy, leucemia, thymus, 
and inflammation. In less than one-half of 
the cases was the mediastinal shadow due 
to a primary mediastinal cyst or neoplasm. 

There were 45 primary cysts or neoplasms 
of the mediastinum in the series of cases 
reviewed. ‘Teratomatous tumors and neuro- 
genic tumors together comprised over 60 
per cent of all the cases. There were no 
instances of mediastinal goiter, thymoma, 
or celomic cyst in contrast to the findings 
in adults. Cystic hygromas and vascular 
tumors occurred more frequently in this 
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group of infants and children than in 
adults. 

A malignant tumor was present in 9 (2() 
per cent) of the 45 cases. This relatively 
high incidence of malignancy thoroughly 
justifies exploratory thoracotomy in any 
infant or child whose thoracic roentgeno- 
gram suggests a mediastinal] tumor and in 
whom a diagnosis cannot otherwise be 
made. 
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SURVIVAL IN BREAST CANCER CASES IN RELATION TO 


THE STRUCTURE OF THE PRIMARY ‘TUMOR AND 


REGIONAL LYMPH NODES 


\I[AURICE M. BLACK, M.D., STANLEY R. OPLER, M.D., and 
FRANCIS D. SPEER, M.D., New York, New York 


[HE SURVIVAL Of a large series of breast can- 
er patients has been critically studied in re- 
ation to the microscopic structure of their 
orimary tumors and regional lymph nodes. 
Ihis study is an extension of a previous in- 
-estigation of the prognostic significance of 
he structure of the regional lymph nodes in 
east cancer patients (1). In that study it 
vas found that in approximately one-third 
fa consecutive series of cases the regional 
1odes showed a marked dilatation of the 
inusoids by histiocytes (sinus histiocytosis). 
in such cases, 5 year survivals occurred al- 
niost universally. With decreasing intensity 
of such sinus histiocytic reactions the inci- 
lence of 5 year survivals fell in a linear fash- 
on. This relationship was obtained without 
regard to the age of the patients, stated du- 
ration preoperatively, presence or absence 
of metastases to the axillary nodes, or the 
microscopic structure of the primary tumor. 
We indicated that these data were consist- 
ent with a hypothesis that sinus histiocytic 
reactions of the nodes represented a mani- 
festation of host resistance. Nevertheless, it 
was found that even when the lymph node 
reactivity was minimal approximately 30 
per cent of the patients survived 5 years or 
longer. This latter observation would sug- 
gest that other factors were also operable. 
Among the factors which might be ex- 
pected to influence survival in cancer cases 
would be the growth potential of the pri- 
mary tumor. In the past, numerous attempts 
have been made to correlate the structure of 
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the primary tumor with its biologic behav- 
ior. More recently Bloom has described a 
system for grading breast carcinomas where- 
in the nuclear appearance and the degree of 
tubule formation were utilized to define the 
degree of structural anaplasia. Utilizing this 
system he demonstrated that the patients 
with well differentiated tumors experienced 
longer survivals than those with anaplastic 
tumors. 

Another structural finding which has been 
previously noted to be commonly associated 
with longer survivals is the occurrence of a 
marked lymphoid infiltrate in the primary 
tumor. 

The present study was initiated in an at- 
tempt to evaluate the significance of the 
various aforementioned factors in the bio- 
logic behavior of breast carcinoma cases. 
The results of this study indicate that there 
is a definite correlation between microscopic 
structural features of the primary tumor, the 
regional lymph nodes, and postoperative 
survival. This relationship may be used to 
define a grading system which is capable of 
predicting the behavior of the vast majority 
of cases without regard to the age of the pa- 
tient, presence or absence of axillary metas- 
tases, or the stated duration of the disease 
preoperatively. 


MATERIAL AND METHODS 


The present report represents a study of 
179 cases of breast carcinoma followed ei- 
ther to death or for a minimum of 5 years 
postoperatively. No cases of operative death 
are included. In 151 cases both the primary 
tumor and regional lymph nodes were avail- 


r 


Fic. 1. Breast carcinoma, nuclear grade 4. Note the 
similarity of the nuclei, lack of chromatin clumping, and 
nucleoli. X53. Patient died of disease 18 years post- 
operatively. 


able for study. Of this group 76 patients are 
now dead, 60 dying between 0.3 to 4.5 years 
postoperatively while 16 patients died of the 
disease between 5 years and 18 years post- 
operatively. Seventy-five patients are still 
living from 5 to 18 years postoperatively, al- 
though 10 of them show evidence of recur- 
rent disease. In an additional 28 cases a 
study of the regional lymph was not possible. 
In 8 of this latter group the regional lymph 
nodes were so massively involved that no 
evaluation could be made of any intact 
lymph node structure. Of these, 5 patients 
died before 5 years, 1 died 10 years after op- 
eration, and 2 are still living 12 and 20 years 
postoperatively. 

In 20 cases the lymph nodes were not 
available for study as only a simple mas- 
tectomy had been performed. Of this group 
12 patients survived more than 5 years al- 
though 5 of the survivors died between the 
fifth and the eleventh year. 

It is thus evident that the cases studied 
provided a wide spectrum of survival and 
varying types of surgery performed by a 
number of surgeons. 

The breast tumors were classified accord- 
ing to their basic microscopic structural pat- 
tern, viz., comedo, lobular, canalicular, med- 
ullary, and gelatinous. When more than 
one type of growth pattern was demon- 
strated in different areas this observation 


was noted. 
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The primary tumor was then evaluated 
according to the degree of tubule formation 
and the nuclear appearance after the man- 
ner of Bloom. However, his method was 
modified in that the nuclei and tubules wer 
evaluated separately. Furthermore, an at- 
tempt was made to assess the structure from 
0 to 4 plus (N grade). Nuclei which showed 
a high degree of similarity, delicate chroma- 
tin strands, no nucleoli, or no mitoses were 
graded as 4 plus (Fig. 1). In contrast a () 
reading was assigned to those cases showing 
anisonucleosis, thickened chromatin strands, 
prominent nucleoli, and numerous mitoses 
(Fig. 2). Intermediate degrees of such change 
were assigned intermediate values in accord 
with their relation to the extremes of the 
scale. 

Grading of the tubules from 0 to 4 plus 
was also attempted with a value of 4 plus 
being assigned to cases showing well defined 
luminated tubules. A 0 grade was assigned 
to solid growths without any attempt at 
tubule formation or lumination. It should 
be mentioned that in an appreciable per- 
centage of cases wide variations in the tubu- 
lar grade were encountered in different 
areas of the same tumor. On the other hand, 
the nuclear structure tended to be very uni- 
form in individual cases despite local varia- 
tions in the tubular structure. 

The structure of the uninvolved lymph 
nodes or uninvolved portions of partially in- 
volved nodes was evaluated as to the degree 
of sinus histiocytosis (s.H. grade) according 
to our previously defined criteria (1, 2). 
Thus a value of 4 plus sinus histiocytosis was 
assigned to nodes showing markedly promi- 
nent sinusoids filled with histiocytes having 
a well defined eosinophilic cytoplasm. In 
such cases minimal numbers of other cell 
types were seen in the sinusoids. A 0 degree 
of sinus histiocytosis was applied to lymph 
nodes lacking well defined sinusoidal struc- 
tures and to those nodes having dilated 
sinusoids but lacking a histiocytic cell pro- 
liferation. Histiocytes showing cytoplasmic 
vacuolization, erythrophagocytosis, or fi- 
brillary and fibrotic changes were differen- 




















tiated from the sinus histiocytic reaction un- 

der discussion and were considered as of no 
»rading significance (grade 0) in the present 
iudy. Intermediate intensities of sinus his- 
iocytic reactions were assigned values in re- 
ition to the extremes of the scale. It should 
© mentioned that the grades were assigned 
ccording to the highest value observed in 
ny of the nodes. 

The primary tumor was also examined for 

he presence and extent of lymphoid infil- 
ations. An attempt was made to grade 
ich reactions from 0 to 4 plus. The latter 
ilue implies that there was massive lymph- 
id infiltration throughout the tumor with 
i intermingling of the tumor cells and lym- 
hocytes. Such a reaction is to be distin- 
uished from inflammatory reactions which 
iay sometimes be seen in tumors. The latter 
re usually characterized by a variation in 
cll type, i.e., polys, lymphocytes, histiocytes, 
nd fibroblasts. 
ESULTS 
Growth pattern. In the cases studied all vari- 
tions and combinations of histologic ar- 
angement were found in different cases. In 
nany instances 2 or more patterns were 
ound in the same tumor. There was no sig- 
uificant difference between the incidence of 
he various types in relation to the survival 
if the cases. In view of these findings, we do 
not believe that the tumor growth pattern is 
i valid criterion upon which to base prog- 
nostic estimates. Possible exceptions to this 
are the papiliary, the gelatinous, and the 
sweat gland variety of breast carcinoma. 
l‘urther comment on this point will be made 
later. 

Nuclear structure. ‘The incidence of the vari- 
ous grades of nuclear differentiation found 
in the total series and in the long and short 
term survival groups are indicated in ‘Table 
I. The total group was characterized by a 
marked heterogeneity as evidenced by a lack 
of predominance of any particular nuclear 
grade. This was paralleled by the wide vari- 
ations in survival within the group (0.3 to 20 
years). 
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Fic. 2. Breast carcinoma, nuclear grade 0. Note the 
difference in appearance from nuclei in Figure 1. X53. 
Patient died of disease 18 months postoperatively. 


In contrast it will be noted that of the 62 
patients who died in less than 3.5 years, 84 
per cent had nuclear grades less than 2 plus 
while none of them had a nuclear grade 
equal to or greater than 3 plus. Conversely, 
in those patients who survived 5 years or 
longer postoperatively the distribution curve 
was shifted to the other end of the scale. 
Thus, 45 per cent of these patients had nu- 
clear values equal to or greater than 3 plus. 
It will be noted that 23 per cent of the good 
survival group had markedly anaplastic nu- 
clei (grades 0 and 1). 

In Figure 3 we have plotted the relation- 
ship between the nuclear grade and the per 
cent incidence of 5 year survivals. It is evi- 
dent that there is a well defined linear rela- 
tionship between the nuclear grade and the 
incidence of 5 year survivals in the various 
groups. However, it should also be noted 
that even in the group with the lowest grades 
of nuclear differentiation 5 year survivals 
occurred in 30 per cent of the cases. In order 
to determine to what extent the incidence of 
5 year survivals was correlated with the inci- 
dence of regional metastases, we calculated 
the expected survivals according to the cur- 
rently prevalent concepts relating survival 
to the presence or absence of lymph node 
metastases. Thus, it is commonly stated that 
in operable breast carcinoma without axil- 
lary metastases (class I) 80 per cent of the 
patients will survive 5 years while in those 
patients with axillary metastases (class II) 





TABLE I.—INCIDENCE OF NUCLEAR GRADES IN 
BREAST CARCINOMA 
Incidence, per cent 





—____—__Nuclear grade 
Group No. of cases 0 7 2 3 4 
So ERR ee eee 179 18 30 24 16 12 
Dead <3.5 9m......... 62 34 50 16 -- - 
Survival >5 yrs....... 106 11 12 30 25 20 


40 per cent survive 5 years or longer. There- 
fore, the expected survivals would be ob- 
tained by multiplying the number of class I 
cases by 0.8 and the number of class II cases 
by 0.4. The sum of these two calculated num- 
bers divided by the total number of cases in 
the group times 100 equals the per cent of 
5 year survivals which would be expected. 
As will be noted in Figure 3 there is no ap- 
preciable correlation between the actual and 
the calculated percentage of 5 year survivals. 
Thus the observed relationship between nu- 
clear grade and survival is not merely a re- 
flection of varying frequencies of axillary 
metastases in the different groups. 

Sinus histiocytosis. In Table II we have 
listed the relative incidence of the various 
grades of sinus histiocytositic reactions found 
in the total series and in cases of long and 
short survivals. As with the nuclear grades, 
the total series showed a wide spread of 
values without any real dominant value. On 
the other hand, there was a definite concen- 
tration of values in the distribution curves in 
the long and short term survival groups. In 
the latter, less than 5 per cent of the patients 
had sinus histiocytic reactions equal to or 
greater than 3 plus while more than 70 
per cent of the patients had lymph node 
readings of less than 2 plus. In contrast, 38 
per cent of the long survival series had 
marked (3 and 4 plus) sinus histiocytic re- 
actions in their lymph nodes. However, in 32 
per cent of these cases, minimal (0 and 1 plus) 
sinus histiocytic reactions were present. 


TABLE II.—INCIDENCE OF SINUS HISTIOCYTIC RE- 
ACTION IN AXILLARY LYMPH NODES 


Incidence, per cent 
—— Degree of sinus histiocytosis__ 


Group No. of cases 0 7 2 2 4 
MMOL wigs proces SA se 151 34 15 26 17 9 
Dead <3.5 yrs....... Be (68 |i 23 2 Z 
Survival >5 yrs...... 91 23 9 30 25 13 
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TABLE III.—INCIDENCE OF TUBULE GRADE IN 
BREAST CARCINOMA 


Incidence, per cent 
Degree of tubular grade _ 





Group No. of cases 0 7 2 3 1 
eco ee 179 48 16 15 7 i5 
Dead <3.5 ye....... 62 71 15 8 2 5 
Survival >5 yrs...... 106 34 13 21 11 21 


In Figure 4 we have plotted the per cent 
incidence of 5 year survivals found in pa- 
tients with various degrees of sinus histio- 
cytic reactions. It is readily apparent that 
there is an excellent linear relationship be- 
tween the sinus histiocytic reactivity of the 
group and the incidence of 5 year survivals. 
The expected survivals calculated in accord- 
ance with the incidence of axillary metas- 
tases of the groups failed to correlate with 
the values actually found. It is thus evident 
that the survivals encountered in the various 
groups represent a phenomenon over and 
above the physical extent of the disease at 
the time of surgery. 

It should be noted, however, that even 
when the sinus histiocytic reactions were 
minimal an appreciable incidence (40 per 
cent) of 5 year survivals was encountered. 

Lymphovd infiltrate in the primary tumor. In the 
present study lymphoid infiltrate equal to or 
greater than 2 plus was observed in only 11 
patients. Of these, 9 are known to have sur- 
vived 5 years or longer despite the fact that 
9 patients were also known to have had 
axillary metastases at the time of surgery. 
Of the patients dying of the disease, the 
minimal survival was 3 years. While the 
number of patients with lymphoid infiltrate 
is small it is noteworthy that the observed 
survival was at least twice that which would 
have been expected on the basis of the num- 
ber of patients who were seen with axillary 
metastases. 

Tubule formation. In Table III we have in- 
dicated the incidence of the various degrees 
of tubule formation found in the total series 
and in the good and poor survival groups. 
While there was a definite tendency for the 
tubule formation to be more prominent in 
the good survival group this relationship was 
not as pronounced as was found with nuclear 
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Fic. 3. Per cent incidence of 5 year survivals in relation 
to nuclear grade. Dotted line indicates expected survival 
based on incidence of axillary metastases. Numbers in 
parentheses indicate size of group. 

Fic. 4. Per cent incidence of 5 year survivals in relation 
to sinus histiocytic reactivity of axillary nodes. Dotted 


grade or sinus histiocytic reactivity. Further- 
more, the variability of tubule formation in 
different parts of the same tumor made it dif- 
ficult adequately to grade individual cases in 
a reproducible fashion. Therefore, we do not 
believe that this structural feature can be 
used to grade the growth potential of indi- 
vidual breast carcinomas. 

Relationship between nuclear grade and sinus 
histiocytosis of the nodes. In view of the similar 
relationship between survival and nuclear 
structure and survival and sinus histiocy- 
tosis of the nodes, it was pertinent to inquire 
whether the two types of measurements rep- 
resent a single or different phenomena. In 
‘Tables IV and V we have indicated the per 
cent incidence of the various grades of sinus 
histiocytosis and nuclear differentiation 
found in good and poor survival series respec- 
tively. It is readily apparent that no fixed 
relationship exists between the nuclear grade 
and the sinus histiocytic reaction of the axil- 
lary nodes. Marked, moderate, or minimal 


line indicates expected survival based on incidence of 
axillary metastases in the group. 

Fic. 5. Per cent incidence of 5 year survivals in relation 
to combined grade. See text for definition of combined 
grade. Dotted line indicates expected survival based on 
incidence of axillary metastases. 


histiocytic reactions occurred with all gra- 
dations of nuclear differentiation. 

It will also be noted that the poor survival 
series was characterized by its concentration 
of values in the upper left hand corner of the 
square. There was only a minimal percentage 
(4 per cent) of cases with either high s.H. or N 
values. In contrast it will be seen that in the 
good survival series high s.H or N. values were 
found in 66 per cent of the cases. In only 8 
per cent of the cases were s.H. and N values 
equal to or less than 1 plus. 

These data indicate that nuclear grade 
and sinus histiocytic reactions occur inde- 
pendently of one another. The same may be 
said of lymphoid infiltrate in the primary 
tumor. Further, it has been shown that su- 
perior survivals were associated with patients 
having well differentiated nuclei, marked 
sinus histiocytosis of the regional nodes, and 
marked lymphoid infiltrate of the primary 
tumor either singly or in combination. Such 
findings were uncommon in patients known 
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TABLE IV.—INCIDENCE OF VARIOUS NUCLEAR AND 
SINUS HISTIOCYTIC GRADES IN 91 BREAST CAN- 
CER PATIENTS SURVIVING 5 YEARS OR LONGER 
POSTOPERATIVELY 

Incidence, per cent 
Sinus histtocytosis. 
Nuclear grade 4 34 


5 11 
10 12 
15 13 





to have succumbed to the disease within 3.5 
years. It should also be emphasized again 
that these relationships existed without re- 
gard to the presence or absence of axillary 
metastases or the growth pattern of the 
tumor. 

It appeared pertinent to determine how 
these various factors might be related to the 
biologic behavior of the individual cases. In 
order to test the hypothesis that these factors 
might be additive in favoring survival we 
assigned a combined grade to each case, ob- 
tained by adding the values for nuclear 
grade, sinus histiocytosis, and lymphoid in- 
filtrate. In view of the minimal difference in 
the behavior of grade 0 and grade 1 cases, 
the latter was considered as 0 in these cal- 
culations, viz., nucleus—0, sinus histiocy- 
tosis—1, lymphoid infiltrate—1 was desig- 
nated as 0 in the combined grade. Special 
comment should also be made concerning 
the combined value of 4 plus. A differentia- 
tion was made in this study between the 
group, 2+ 2+ 0 equal to 4 and the group, 
4+ 0 + 0 equal to 4. The former group was 
designated as 2-2, the latter as 4 plus. The 
question posed by these latter two groups is 
whether two moderately favorable factors are 
as good as one strongly favorable factor and 
whether or not two moderately favorable 
factors are better than one such factor. 

In Figure 5 we have plotted the percent- 
age of incidence of 5 year survivals found in 
the various combined grades. It is readily 
apparent that with increasing grade the per 
cent incidence of 5 year survivals rose rapid- 
ly. Whereas only 14 per cent with the lowest 
grade survived 5 years or longer, 100 per 
cent of the patients with a combined grade 
equal to or greater than 5 units survived a 


TABLE V.—INCIDENCE OF VARIOUS NUCLEAR AND 
SINUS HISTIOCYTIC GRADES IN 53 BREAST CAN. 
CER PATIENTS DYING WITHIN 3.5 YEARS POST. 
OPERATIVELY 

Incidence, per cent 
Sinus histiocytosis 
Nuclear grade 0-7 2 #4 


64 17 4 
10 6 sie 





minimum of 5 years. This latter figure is all 
the more striking when it is noted that 15 of 
these patients had axillary metastases at 
the time of surgery and that 12 of them are 
known to have died of the disease or have 
evidence of recurrence from 5 to 18 years 
after surgery. It should also be noted that 
the patients in the 2-2 group had a better 
survival rate than those in the 2 plus group 
but not as good a survival rate as the 3 
plus group. 

That the correlation between survival and 
the combined grade was not related to the 
presence or absence of axillary metastases is 
also evident from Figure 5. The calculated 
survivals based on the incidence of axillary 
metastases in each of the groups were not re- 
lated in any consistent fashion with the 
clinically observed survivals. 

The relationship between this combined 
method of grading and survival is also evi- 
dent in the mean survival times of the dif- 
ferent groups. For the purposes of this cal- 
culation the survival for those patients still 
living more than 5 years postoperatively was 
taken as the duration to date. These data 
are listed in Table VI. In addition, we have 
indicated the per cent of patients in each 
group dying of the disease in less than 3 
years. It is clear that the mean duration of 
the disease increased with the grade. Here, 
too, the 2-2 group exhibited superiority over 
the 2 plus group. Conversely, the frequency 
of short term deaths fell progressively from 
72 per cent in grade 0 to 0 per cent in pa- 
tients with grades equal to or greater than 5 
units. 

Of the 151 patients in whom the primary 
tumor and regional nodes were available for 
study, 86 patients are known to be dead of or 
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dying of the disease. It is noteworthy that in 
this latter group the relationship between 
grade and survival was very similar to that 
of the total group. A listing of the mean sur- 
vivals found in such cases is presented in 
Table VI. Furthermore, the incidence of 5 
year survivals in the series of dead and dying 
was similar to that in the total series in re- 
gard to the relationship with grade. Thus of 
12 cases graded 2 5 plus, the survivals ranged 
from 5 years to 18 years despite the fact that 
all of these patients died or are dying of the 
disease. In contrast, of 39 grade 0 patients 
only 1 survived for 5 years. The analogous 
values for the other grades were: grade 2— 
3 of 16, grade 2-2—1 of 6, and grade 3-4— 
7 of 12. While some of the groups are evi- 
dently small the relationship between the 
percentage of 5 year survival and grade is 
consistent and is very similar to that ob- 
tained for the entire series as depicted in 
Figure 5. 

The possibility that the age of the patient 
might be a factor in determining survival 
time or the type of combined grade was also 
studied. However, we were unable to detect 
any difference in the spread or mean age of 
patients who survived 5 years or longer as 
compared with the group dying in less than 
3.5 years. The mean ages of the former and 
latter groups were 52 years and 51 years 
respectively. Nor was there any real dif- 
ference in the ages of the patients making up 
the differentcombined grading groups, either 
between one group and another or between 
the long and short term survivors within the 
same grade. These data are indicated in 
Table VII. 


COMMENT 


The various data presented in the forego- 
ing are of interest from several points of view, 
i.e., the value of grading systems, the bio- 
logic behavior of breast cancer, and the re- 
sults of therapy. 

There is great disagreement in the current 
literature as to the prognostic value of grad- 
ing breast carcinoma according to the de- 
gree of differentiation of the primary tumor. 


TABLE VI.—MEAN SURVIVAL IN BREAST CARCI- 
NOMA PATIENTS IN RELATION TO COMBINED 
GRADE 


Total group. —Known dead of cancer__ 
Mean Per cent Mean 
No. of survival, dead No. of survival, 
Grade cases INS. <3 yrs. cases jrs. 


0 44 2.78 72 39 1.94 

2 22 3.74 37 16 2.71 
2-2 16 5.49 25 6 3.97 
3&4 32 6.41 3 12 6.51 
5 37 7.82 0 12 8.66 


TABLE VII.—AGE IN RELATION TO COMBINED 
GRADE AND SURVIVAL 


Mean age of group, years____ 
Total O 2 2-3 34 35 


5 yr. survival 54 51 52 52 52 
Dead <3.5 yrs 49 57 53 41 — 


There appears to be general agreement that 
in highly differentiated lesions the incidence 
of survival is superior (>90 per cent). How- 
ever, when the tumor is somewhat less dif- 
ferentiated or poorly differentiated the vari- 
ations in survival are so great that the 
prognostic use of such grading procedures 
for individual cases or even small groups is 
impractical. Our own data which are de- 
picted in Figure 5 are consistent with such 
experience. 

On the basis of the concept of tumor 
autonomy it would be expected that a tumor 
of high growth (lethality) potential as evi- 
denced by anaplastic structure would cause 
the death of the patient within a short time 
in almost all cases. The fact that almost one- 
third of such patients survive 5 years or 
longer would suggest that other factors such 
as host resistance might be operable. 

In our original report on sinus histiocytic 
reactions in the regional lymph nodes of 
breast cancer patients we suggested that this 
finding appeared to represent a visualiza- 
tion of a host resistance phenomenon. The 
present data are in accord with such a view- 
point. Thus the survival rate was more than 
90 per cent when such reactions were promi- 
nent but fell off with the decreasing inten- 
sity of lymph node reactivity. Nevertheless, 
even with the lack of such “protection” 
more than one-third of the patients survived 
for 5 years or longer. 
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When one examines Tables IV and V it 
is seen that 70 per cent of the 5 year survi- 
vors had a high value of s.H. or N grade, 
while in an additional 10 per cent there was 
at least a 2 plus N and s.H. value. These 
findings explain in part at least why grading 
methods which are based only on the pri- 
mary tumor fail to predict the survival of a 
large percentage of the patients with highly 
anaplastic tumors. The same limitation is of 
course applicable in regard to the prognostic 
significance of sinus histiocytic reactions. 

As indicated previously, another factor 
which influences survival favorably is lymph- 
oid infiltrate in the primary tumor. It is par- 
ticularly noteworthy that of 8 patients hav- 
ing 5 year survivals despite a zero N and 
s.H. grade, 2 of them had 3 plus lymph- 
oid infiltrate in the primary tumor. Of 44 
patients having tumors with 0 grade for the 
nucleus, sinus histiocytosis and lymphoid in- 
filtrate, only 6 survived 5 years or longer. It 
should be mentioned that in 1 of these cases 
the tumor was a sweat gland type of tumor, 
in another a gelatinous type of breast car- 
cinoma, while in a third it was a papillary 
adenocarcinoma. These varieties are known 
to behave in a more benign fashion than the 
usual type of breast carcinoma. 

It would therefore appear that the lethal- 
ity of breast carcinoma is determined by an 
interaction between the growth potential of 
the primary tumor (nuclear grade) and the 
host resistance factors which are visualized 
as sinus histiocytosis of the regional nodes 
and lymphoid infiltrate of the primary tu- 
mor. Cognizance of these phenomena al- 
lows one to predict long term survivals for 
more than 90 per cent of the patients when 
such factors are favorable either singly or in 
combination. An almost equal accuracy is 
attainable in predicting short term survivals 
for patients when all such factors are found 
to be unfavorable. It is not to be inferred 
that we believe that these are the only possi- 
ble factors of prognostic significance. Rather 
they indicate a need for further investiga- 
tions of these and other visible evidences of 
the biologic behavior of breast cancer. 


Comment should also be made of the 
similarity in the various data between the 
patients known dead or dying of the disease 
as compared with the findings in the total 
series. Such similarity would indicate that 
the surgical intervention did not appreci- 
ably alter the natural course of the disease. 
Despite repeated reports from this and other 
laboratories it is not generally appreciated 
that carcinoma of the breast is often a chronic 
disease. Another point of interest in regard 
to the therapeutic value of surgical proce- 
dures is the observation that in the 20 pa- 
tients in this study in whom only a simple 
mastectomy was performed the survival- 
nuclear grade relationship was similar to 
that found in patients subjected to radical 
mastectomy. Thus the simple procedure was 
not associated with any demonstrable cur- 
tailment of survival as compared. with the 
radical resection. 

Finally, if the continued accumulation of 
data establishes the concept of sinus histio- 
cytosis as a reflection of host resistance, it 
might prove of great practical value to de- 
termine the mechanism of its production. It 
is well to remember that a large proportion 
of breast cancer patients survive for long 
periods by virtue of physiologic mechanisms 
of which we know little or nothing. 


SUMMARY 


A study has been made of the survival of 
breast cancer patients in relation to the mi- 
croscopic structure of the primary tumor 
and the regional lymph nodes. The data 
would indicate that excellent survival rates 
are encountered when the cases are char- 
acterized by highly differentiated primary 
tumors, lymphoid infiltrate in the primary 
tumor, and sinus histiocytic reactions of the 
regional lymph nodes. In those cases lacking 
such features a very low rate of 5 year sur- 
vivals exists. These relationships were ob- 
tained without regard to the age of the 
patient or presence or absence of axillary 
node metastases. 

The findings are consistent with the hy- 
pothesis that the lethality of breast carcinoma 
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varies as a direct function of the growth po- 
tential of the primary tumor as reflected in 
the nuclear structure and inversely as a 
function of tumor retarding factors of the 
host visualized as sinus histiocytosis of the 
regional lymph nodes and lymphoid infil- 
trate in the primary tumor. 


REFERENCES 


j F 


Back, M. M., Kerpe, S., and Speer, F. D. Lymph 
node structure in patients with cancer of the breast. 
Am. J. Path., 1953, 29: 505-521. 

Brack, M. M., Oper, S. R., and Speer, F. D. 
Microscopic structure of gastric carcinomas and their 
regional lymph nodes in relation to survival. Surg. 
Gyn. Obst., 1954, 98: 725-734. 

Bioom, H. T. G. Prognosis in carcinoma of the 
breast. Brit. J. Cancer, 1950, 4: 259-289. 











TETANUS PROPHYLAXIS: THE DURATION OF 


PROTECTION FROM ACTIVE IMMUNIZATION 


EDWARD S. STAFFORD, M.D., F.A.C.S., Baltimore, Maryland 


TRUE PROPHYLAXIS OF TETANUS lies in the 
prevention of injuries. Since the complete 
attainment of this goal is likely to remain 
beyond human reach, even in times of peace, 
the practical concept applies to the preven- 
tion of tetanus in those who are injured. 
Although the clinical manifestations of teta- 
nus have been known since ancient times, the 
most important facts, so far as prophylaxis 
goes, were not elucidated until relatively re- 
cently. The causative organism, Clostridium 
tetani, is a spore-bearing strict anaerobe 
(Nicolaier, 1884) and the clinical manifesta- 
tions, including death, are the result of the 
absorption into the body of a toxin produced 
by the growing bacteria as shown by von 
Behring and Kitasato in 1889. 

The discovery that antitoxin could be pro- 
duced in the blood sera of animals (notably 
the horse) soon followed. This antitoxin, in 
appropriate amounts, was found to neutral- 
ize tetanus toxin in vitro, or in vivo when in- 
jected early enough. Most of the research has 
been concerned with the effects of tetanus 
toxin and antitoxin injected into laboratory 
animals, culminating in the work of Firor 
and his co-workers, who showed that when 
toxin in sufficient amount reached the cen- 
tral nervous system, no amount of antitoxin 
was curative. 

A different and more direct avenue of ap- 
proach to the problem of prophylaxis led to 
the extremely valuable contribution of Ram- 
on, who showed that active immunity to 
tetanus toxin could be produced in man by a 
series of injections of tetanus toxoid. 

It is fortunate that tetanus is of rather in- 
frequent occurrence. A recent study(5) indi- 
cates that the case rate of the past 25 years 
has been 1 per 200,000 of population per 


From the Department of Surgery, Johns Hopkins University. 





year in a metropolitan area. While no data 
are available on the number of injuries, 
trivial and otherwise, incurred by 200,000 
people in a year, it must be a very large 
figure. ‘Tetanus, in civilian life, is usually a 
complication of a relatively minor injury 
such as a puncture wound of the foot, a wood 
splinter entering the tissues, or of an injury 
such as a blank cartridge blast or the ex- 
plosion of a cap. It has seldom been reported 
as a complication of a major injury, such as a 
compound fracture or a penetrating wound 
of the chest or abdomen. 

The recorded experiences of the military 
during times of war have contributed largely 
to our knowledge concerning tetanus. The 
current use of tetanus antitoxin as prophy- 
laxis against tetanus derives from the expe- 
rience of the British Army in World War I(1). 
The facts are worth noting. During the first 3 
months of the war, antitoxin was not often 
used and there was a rather high incidence 
of tetanus (8 per thousand) among the 
wounded. In this same period, the front was 
mobile, the treatment of wounded poorly or- 
ganized, and the closure method of treating 
wounds was usually employed. At about the 
same time as the use of prophylactic tetanus 
antitoxin became routine, the front stabi- 
lized, advanced casualty treatment centers 
were set up, and, most important of all, the 
method of wound treatment was changed to 
that advocated by the French, including dé- 
bridement and leaving the wounds open. Itis 
difficult today to decide which of these inno- 
vations had the most to do with the reduction 
in the incidence of tetanus, but the fact is that 
the case rate fell to a lower level, remaining 
there with minor fluctuations throughout the 
rest of that war. It is of interest, however, to 
note that the incidence of tetanus varied be- 























tween 1 and 2 cases per thousand of wound- 
ed, and that the incidence of tetanus in both 
the Crimean War and in the American Civil 
War was 2 per thousand. 

The routine prophylactic dose of antitoxin 
as first used by the British was 500 units. Be- 
cause Clinical tetanus often appeared in the 
second or third week after the initial therapy, 
the policy was later amended so that 500 
units were given each week for 3 weeks. 
Finally, it was decided to give the 1,500 units 
at once; this became standard practice in 
the United States and has been followed sla- 
vishly for nearly 40 years. The following com- 
ments seem pertinent: The reduction in in- 
cidence of tetanus in the British wounded oc- 
curred at a time when a dose of only 500 
units of antitoxin was the standard prophy- 
laxis; the records kept at that time do not 
indicate what proportion or which of the 
wounded were given antitoxin, so no control 
is available. Injections of foreign protein (e.g. 
horse serum) are often harmful and are oc- 
casionally lethal. The excretion of foreign 
protein by a sensitized individual proceeds 
at a much more rapid rate than in the non- 
sensitized individual, thus lessening the de- 
gree and duration of protection in that cate- 
gory. Finally, recent studies carried out by 
Stafford, Turner, and Goldman and by Vin- 
nard of clinical tetanus seem to show that the 
prophylactic use of a single injection of 1,500 
units of tetanus antitoxin does not alter the 
mortality rate from tetanus. On the other 
hand, active immunization, as practiced by 
the United States Army during and since 
World War II and described by Long and 
Sartwell, provided almost perfect protection 
against tetanus. 

In addition to the veterans of the U. S. 
Armed Forces, an increasing number of 
children throughout the United States have 
been actively immunized against tetanus. A 
lack of knowledge as to the duration of the 
immunity resulted in the adoption of various 
arbitrary rules of procedure for the care of 
such individuals when injured. However, 
Turner, Stafford, and Goldman have shown 
that most individuals who have been actively 
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immunized retain a measurable level of tet- 
anus antitoxin in their sera for at least as 
long as 11 years after the most recent booster 
injection. Furthermore, these individuals all 
respond actively and rapidly to a new booster 
injection of toxoid. Whether this immunity is 
permanent or not cannot be decided on a 
factual basis for many years yet. It would 
seem clear, however, that this valuable 
health asset now enjoyed by many millions of 
Americans can be preserved with certainty 
by a booster injection of tetanus toxoid at 
intervals of 5, or even 10 years. 

If the excellent present policy of adminis- 
tering to children the combined diphtheria- 
tetanus toxoid is continued, eventually near- 
ly all Americans will possess active immunity 
against tetanus. Meanwhile, it is necessary to 
have a plan for the prophylaxis of tetanus 
which will meet all situations. It is believed 
that the following scheme constitutes the 
most satisfactory routine for the treatment of 
patients who have incurred injuries which 
could be complicated by the development of 
tetanus: 

1. Proper surgical care of all woundsshould 
be given, with emphasis on measures taken 
to minimize the opportunity for growth of 
anaerobic bacteria. 

2. To individuals known to have received 
the basic immunizing injections, including 
all veterans of the United States Armed 
Forces of and since World War II, and many 
children born since 1937, a booster injection 
of 0.5 milliliter of fluid tetanus toxoid should 
be given intramuscularly. 

3. All other patients are to be divided into 
two categories, those not sensitive and those 
sensitive to horse serum, as demonstrated by 
suitable means (the conjunctival test is pre- 
ferred). (a) Those not sensitive should re- 
ceive 1,500 units of tetanus antitoxin intra- 
muscularly. (b) Those who are sensitive to 
horse serum should not be given tetanus 
antitoxin in horse serum. They should re- 
ceive an injection of 0.5 milliliter of fluid 
tetanus toxoid as the initial step in immuniz- 
ing them. These individuals should then be 
observed carefully for 3 weeks, so that if 
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tetanus develops the earliest signs may be 
detected and prompt treatment instituted. 
After 1 month, a second injection of toxoid is 
given, followed 4 to 6 weeks later by a third 
injection. These patients are thus safeguard- 
ed against future risk from either tetanus or 
horse serum. 

4. Nationwide effort should be made to 
extend the benefits of active immunization 
against tetanus to more of the population, 
particularly to those who live in rural areas 
and to those who, by virtue of their occupa- 
tion, are more exposed to injury. 

5. It is suggested that public health de- 
partments record individual immunizations 
so that information will be available to the 
physician treating an injured person. 

The value of tetanus antitoxin in treating 
clinical tetanus is unquestioned. That there 
is hazard in using tetanus antitoxin in horse 
serum for treating individuals hypersensitive 
to horse serum is also unquestioned. Recent 
work (6) suggests that blood serum drawn 
from immunized donors of high titer con- 
stitutes a readily available source of potent 
antitoxin. Thus, if tetanus should develop in 
a patient who, being sensitive to horse 
serum, has not received prophylactic anti- 
toxin, there is at hand a means of com- 
bating the disease at once. 

There is no particular reason to suppose 
that tetanus antitoxin inhibits the growth of 
Clostridium tetani in the body or the pro- 
duction of toxin. If this point is not lost sight 
of, then the appearance of clinical tetanus a 
week or two after prophylactic antitoxin has 
been given is understandable. The antitoxin 
has been excreted or neutralized while the 
bacilli continue to produce toxin. The occur- 
rence of the very rare case of tetanus in an 
immunized individual must be of similar 
circumstance, being perhaps due to the enor- 
mous amounts of toxin produced in an over- 
whelming infection. 


What has been said should serve to em- 
phasize that which is the most important step 
in tetanus prophylaxis—the proper surgical 
care of the original wound. The removal of 
devitalized tissue and foreign material is 
essential. 

Finally, in order to safeguard the basic 
immunity to tetanus now possessed by many 
million Americans, the public should be in- 
formed of the advisability of securing a 
booster injection of toxoid at least every 10 
years. 


SUMMARY 


Prevention of tetanus is the responsibility 
of those who treat injuries. Proper surgical 
care of wounds is a most important prophy- 
lactic measure, second only to active anti- 
tetanic immunization with tetanus toxoid. 
Active immunity against tetanus is of pro- 
longed duration and can be preserved by the 
administration of a booster dose of toxoid at 
intervals of even as long as 10 years. The 
value and safety of the routine prophylactic 
administration of tetanus antitoxin in horse 
serum to individuals sensitive to horse serum 
is questioned. Attention is called to the avail- 
ability of tetanus antitoxin in the serum of 
actively immunized humans. 
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SURGICAL AND PATHOLOGIC CLASSIFICATION 
FOR CANCER OF THE CERVIX 


An Evaluation of 250 Cases 


J. V. MEIGS, M.D., F.A.C.S., F.R.C.S.E. (Hon.), F.R.C.0.G. (Hon.), and WINIFRED LIU, 


M.D., Boston, Massachusetts 


A SURGICAL AND PATHOLOGIC CLASSIFICATION 
of cancer of the cervix has been proposed by 
Meigs and Brunschwig.' It is based on the 
findings at the time of radical surgery and 
from the pathologic specimen and is in- 
tended for more precise evaluation of the 
surgical treatment for cancer of the cervix. 
Such factors as preoperative irradiation and 
previous operative treatment before the radi- 
cal surgery are taken into consideration. The 
classification includes all the involved situa- 
tions that patients with cancer of the cervix 
may have, and it may serve as an aid to the 
international classification. It is a more ac- 
curate measure of the extent of the disease 
and it allows surgeons to compare their re- 
sults of surgical treatment for cancer of the 
cervix. This report is an attempt to apply 
the surgical and pathologic classification to 
a group of patients with cancer of the cervix 
who had either radical hysterectomy with 
pelvic lymphadenectomy or a pelvic exen- 
teration. 


MATERIAL AND METHOD 


Between February 1939 and_ December 
1953, there were 410 cases of radical hys- 
terectomy with pelvic lymphadenectomy,’ 
and between March 1948 and December 
1953, 50 cases of pelvic exenteration per- 
formed on patients with cancer of the cervix 
by the staffs of the Vincent Memorial Hos- 
pital (the Gynecological Service of the Mas- 
sachusetts General Hospital), the Pondville 


IMercs, J. V., and Brunscuwic, A. A proposed classification 
for cases of cancer of the cervix treated by surgery. Am. J. 
Obst. Gyn., 1952, 64: 413-415. 

Liu, W., and Meics, J. V. Radical hysterectomy and cancer 
of the cervix. Am. J. Obst. Gyn., 1955, 69: 1-32. 


Hospital (Massachusetts Department of Pub- 
lic Health), and the Palmer Memorial Hos- 
pital. Among the total number of 460 radical 
operations, 238 cases were treated by radical 
hysterectomy and 12 cases by pelvic exentera- 
tion 5 or more years ago. These 250 cases of 
cancer of the cervix form the basis of this 
report. The series includes all patients oper- 
ated upon, whether for carcinoma in situ, 
primary invasive carcinoma, recurrent car- 
cinoma, carcinoma of the cervical stump, or 
for probable recurrence, even if no tumor 
was found in the operative specimen. 

All cases were classified according to the 
surgical and pathologic classification and the 
5 year results presented. The adopted classi- 
fication was as follows: 


Class O—Carcinoma in situ, also known as preinvasive 
carcinoma, intraepithelial carcinoma, microcar- 
cinoma. 

Class A—Carcinoma strictly confined to the cervix. 

Class Ao—After a positive biopsy of infiltrating car- 
cinoma, no tumor present in the cervix in the sur- 
gical specimen. 

Class B—Carcinoma extending from the cervix to in- 
volve the vagina, except lower third. The carcinoma 
extends into the corpus. The carcinoma may in- 
volve the upper vagina and corpus. Vaginal or 
uterine extension may be by direct spread or be 
metastatic. 

Class C—Carcinoma involving paracervical or para- 
vaginal tissue by direct extension or by lymphatic 
vessels, or in nodes within such tissues. Vaginal 
metastasis or direct extension into the lower third 
of the vagina. 

Class D—Lymph vessel and node involvement beyond 
paracervical and paravaginal regions. This includes 
all lymph vessels or nodes in the true pelvis, except 
as described in class C; metastases to ovary or tube. 

Class E—Carcinoma having penetrated to the serosa, 
musculature, or mucosa of the bladder or of the 
colon or rectum. 
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TABLE I.—SURGICAL AND PATHOLOGIC CLASSIFI- 
CATION OF 460 CASES OF CARCINOMA OF THE 
CERVIX ; 

Class. 
Ac B C D Total 


F 
? 33 46 71 0 313 
6 3 4 11 0 61 
3 
0 
1 





14 2 3 10 60 
a 2 4 10 
2 i 06 2 16 

42 42 24 95 37 4 460 


410 cases of radical hysterectomy with lymphadenectomy. 
50 cases of pelvic exenteration. 


Class F— Carcinoma involving the pelvic wall (fascia, 
muscle, bone, or sacral plexus). 


In addition, a system of prefixes is used 
with this classification to indicate any treat- 
ment that might have been given to the pa- 
tient before the radical surgery. 

They are: 


PR—Patients who received planned irradiation as a 
preliminary to the radical surgery. 

R—Patients who received a full dose of irradiation as 
a definitive treatment initially, and radical surgery 
performed for recurrent or residual disease. 

S—Patients who have a recurrent or residual disease 
after a previous surgical attempt to irradicate the 
disease. 

RS—Patients in whom both irradiation and surgery 
were previously employed, each of which was made 
envisaging a cure but failed. 


Those patients who developed recurrence 
after a radical hysterectomy and in whom 
pelvic exenteration was performed are classi- 
fied only once and are classified according 
to the findings at the radical hysterectomy. 
There was only 1 such case in this series. 


RESULTS 


The total number of 460 patients with 
carcinoma of the cervix was originally staged 
according to the international classification 
—410 cases of radical hysterectomy with 
lymphadenectomy and 50 cases of pelvic 
exenteration. In stage 0, there were 34 
cases; in stage I, 239 cases; in stage II, 118 
cases; in stage III, 32 cases; and in stage 
IV, 19 cases. In addition, there were 18 pa- 
tients whose diagnosis of cancer of the cervix 
was made in another hospital but no tumor 
was found in the surgical specimen at the 
radical operation. 


This same series was classified according 
to the surgical and pathologic classification 
(Table I). In class 0 there were 34 cases; in 
class A, 182 cases; in class Ao, 42 cases; in 
class B, 42 cases; in class C, 24 cases; in 
class D, 95 cases; in class E, 37 cases; and 
in class F, 4 cases. 

The 5 year results of the 250 patients who 
were operated upon before 1949 are pre- 
sented in Table II. The 5 year survival rate 
for the entire series is 72 per cent. The 5 
year result for all patients in class 0 is 100 
per cent; class A, 82 per cent; class Ao, 93 
per cent; class B, 82 per cent; class C, 50 per 
cent; class D, 37 per cent; class E, 10 per 
cent; and class F, 0 per cent. 

The 5 year survival rate of 160 patients 
who received no preoperative treatment of 
any type is 74 per cent; and for patients 
who had preoperative treatment of one type 
or another, 67 per cent. 

Three patients in class Aodeservecomment. 


Patient 1, A. R., was diagnosed clinically as having 
cancer confined to the cervix and the biopsy showed 
the tumor to be squamous cell carcinoma, grade III. 
The patient received no preoperative treatment and 
no tumor was found in the specimen removed at the 
radical hysterectomy and pelvic lymphadenectomy. 
The patient died 27 months after operation of extensive 
metastases to lung, liver, gallbladder, adrenal, pan- 
creas, vertebra, and lymph nodes. ‘The tumor was re- 
ported after the autopsy as a mucus-secreting carci- 
noma, the origin of which could not be determined 
with certainty, but the only possible sites considered 
were the pancreas and the mucus glands of the bron- 
chus. 

Patient 2, A. L., had squamous cell carcinoma 
grade I confined to the cervix. She received x-ray and 
radium treatment 10 months before her surgical 
treatment. The radical hysterectomy and _ pelvic 
lymphadenectomy surgical specimen showed radiation , 
reaction Without cancer. A vaginal recurrence de- 
veloped 16 months after operation, and the recur- 
rence was treated with radium. She is now a 12 year 
survivor. 

Patient 3, E. R., had squamous cell carcinoma 
grade III confined to the cervix. She received radium 
and x-ray treatment 6 months before her operation. 
No cancer was found in the specimen removed by 
radical hysterectomy and pelvic lymphadenectomy. 
The patient died 26 months later of lung metastases. 


These cases serve to illustrate that when 
no tumor is found in the surgical specimen 
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TABLE II.—FIVE YEAR RESULTS OF SURGICAL TREATMENT OF 250 CASES OF CARCINOMA OF CERVIX BASED 
ON SURGICAL AND PATHOLOGIC CLASSIFICATION 


Class. 





0 A Ao B 
5 year 5 year 5 year 5 year 
Prefix No. cure No. cure No. cure No. cure 
aa 63 81 71 ss 2 7 6 
| CORE 2 2 2 19 2 12 2 2 
iacnconsctexwns 0 0 9 3 10t 9f 1 0 
Mewwarrabevaees 1 1 0 0 1 1 1 1 
|. aererare are 0 0 1 1 1 1 0 0 
Teta No. ...< <5 26 26 114 94 af 2 11 9 
a, Aa 100 82 93 82 


*One died of metastatic carcinoma, 
{One died of lung metastasis, 


on pathologic examination, it does not mean 
necessarily that no tumor was present. 


DISCUSSION 


The new classification for carcinoma of 
the cervix, based on the surgical and the 
pathologic findings at the time of radical 
pelvic surgery, serves as an adjunct to the 
international classification and is of value 
in suggesting the outcome of the surgically 
treated patients. In the patients who had 
radical surgery without other preoperative 
treatment, the 5 year survival rate decreased 
as the class advanced. This was also true in 
the patients who had received preoperative 
treatment of one form or another. 

There was no essential difference in the 
over-all 5 year survival rate (76 and 74 per 
cent respectively) between the patients who 
had planned irradiation as a part of the 
treatment before radical surgery and those 
who received none. However, when radical 
surgery was done for recurrent disease after 
the failure of full irradiation, the 5 year sur- 
vival rate was much lower (48 per cent). 

Class Bseemed to be a mark beyond which 
the 5 year survival rate decreased sharply. 
When the cancer extended vertically from 
the cervix to the vagina, or to the corpus, or 
in both directions, the prognosis was good 
(82 per cent 5 year survival rate). However, 
if the carcinoma spread laterally to involve 
the paracervical and the paravaginal tissues 
or to the lymph nodes in these regions (class 
C or class D), the prognosis was quite dif- 
ferent (50 and 37 per cent 5 year survivals). 
Apparently these two types of involvements 


Cc D E F Total 
5 year 5 year 5 year 5 year 5 year 
No. cure No. cure No. cure No. cure No. cure 
7 4 a 613 2 0 0 0 160 119 
?. 1 9 3 1 0 0 0 51 39 
1 0 5 2 3 0 0 0 29 «14 
0 0 0 0 0 0 0 0 3 3 
0 0 1 1 4 1 0 0 7 4 
10 5 52 19 10 1 0 Q 250 179 

50 37 10 72 


tOne patient developed vaginal recurrence after the radical opera- 
tion, but now a 12 year survivor. 


in stage II have different significance and 
clinical course. However, these cases are 
classified, according to the international 
classification, as stage II, usually without 
specification as to the direction of spread. 
Frequently it is impossible to make this dis- 
tinction clinically on account of the compli- 
cating factors such as infection, inflamma- 
tion, or previous operative or irradiation 
therapies. It is obvious from this study that, 
whenever possible, this division of stage II 
should be seriously considered. On the 
other hand, it is possible to have a more 
accurate evaluation in each of the surgically 
treated patients; therefore, it seems to us that 
the surgical and pathologic classification 
could be advantageously adopted. 


SUMMARY AND CONCLUSION 


1. The surgical and pathologic classifica- 
tion was applied to 460 patients with cancer 
of the cervix who were treated with radical 
pelvic surgery by the staffs of the Vincent 
Memorial Hospital, the Massachusetts Gen- 
eral, the Pondville Hospital (the Massachu- 
setts Department of Public Health), and the 
Palmer Memorial Hospital, between Febru- 
ary 1939 and December 1953. 

2. There were 238 cases of radical hys- 
terectomy with pelvic lymphadenectomy 
and 12 cases of pelvic exenteration per- 
formed 5 or more years ago. These 250 cases 
of cancer of the cervix were classified ac- 
cording to the surgical and pathologic classi- 
fication and the 5 year results are presented. 

3. This new classification of cancer of the 
cervix, based on the pathologic findings at 
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the time of the radical pelvic surgery, serves 
as an adjunct to the international classifica- 
tion in prognosticating the outcome of the 
surgically treated patients. It is of impor- 
tance in allowing the surgeons to compare 
their results of surgical treatment for cancer 
of the cervix. 


4. The report showed that emphasis 
should be made clinically on the separation 
of stage IIa and stage IIb cases in the inter- 
national classification of cancer of the cer- 
vix; and in surgically treated patients, the 
surgical and pathologic classification can be 
used advantageously. 





THE DUMPING SYNDROME: CORRELATIONS 
BETWEEN ITS EXPERIMENTAL PRODUCTION AND 
CLINICAL INCIDENCE 


JACK A. FISHER, M.D., WILLIAM TAYLOR, M.D., and 
JACK A. CANNON, M.D., F.A.C.S., Los Angeles, California 


‘THERE IS LACK OF AGREEMENT as to what con- 
stitutes the ““dumping syndrome.” The term 
tends to be used loosely to refer to any diges- 
tive disturbance which might be encountered 
following gastric surgery, especially when 
performed in the treatment of duodenal ul- 
cer. A number of symptoms which may be 
encountered have been exhaustively classi- 
fied by Wells and Welbourn. By far the most 
common syndromeseen might best be deline- 
ated in the following hypothetic case history: 


The patient, a middle aged male, consulted his 
physician several months after gastric surgery for duo- 
denal ulcer with the following complaints: He stated 
that since his “ulcer operation” he had been relieved 
of his former complaint of gnawing, aching pain in the 
pit of his stomach, but found that he remained 10 to 
12 pounds underweight and that a few weeks after op- 
eration he developed a new complaint which seemed 
to bother him, in some respects, more than his previous 
ulcer symptoms. When he wasbeginning to develop a 
nearly normal appetite, the patient noticed that about 
5 minutes after a meal he would feel profoundly weak, 
nauseated, and unpleasantly warm. His stomach 
seemed to be uncomfortably full, his heart would race, 
he would tend to belch and sweat, and would fre- 
quently vomit. These symptoms persisted for about 14 
hour before gradually disappearing, but he found that 
the difficulty was apt to repeat itself with almost every 
meal. In addition to fatigue and vomiting, he occasion- 
ally became extremely dizzy and had explosive diar- 
rhea. These symptoms could be promptly terminated 
or at least alleviated if he were to lie down, but this 
was frequently an awkward interference with his daily 
activity. 


Such a patient is classified as a “dumper” 
and the alleviation of his symptoms may 
prove to be a difficult problem. 


From the Department of Surgery, The Medical Center, Uni- 
versity of California, Los Angeles, California, and the Surgical 
Service, Harbor General Hospital, Torrance; the Surgical Serv- 
ice, General Medical and Surgical Hospital, Veterans Adminis- 
tration, Los Angeles. 


In this presentation we recognize the 
dumping syndrome as a condition which oc- 
curs in some patients following gastric sur- 
gery. Onset may occur any time within sev- 
eral days to several weeks postoperatively. 
The symptoms consist of dizziness, fainting, 
palpitation, a desire to lie down, and occa- 
sionally abdominal cramps, vomiting, or 
diarrhea, all of which occur within 5 to 10 
minutes after a meal. Indications may in- 
clude sweating, flushing, and marked varia- 
tions in blood pressure and pulse. All of these 
signs and symptoms are either relieved or 
ameliorated if the patient lies down. 

A review of the literature indicated that 
much attention has been given to theories 
regarding the cause of this syndrome. Great 
variation in the reported incidence was re- 
ported with figures as low as 1 per cent, as 
high as 75 per cent, and with intermediate 
percentages of 20 per cent and 40 per cent. 

Early references to this syndrome were 
made by Jonas in 1908, Hertz in 1913, and 
Mix in 1922. Etiologic theories by various 
authors have included stretching of the gas- 
tric remnant, stagnation in the gastric rem- 
nant, tension on the cardio-esophageal junc- 
tion by gravity, and irritability of the sympa- 
thetic nervous system. Much attention has 
been given to the known changes in carbo- 
hydrate metabolism which may follow gastric 
retention and attempts have been made to 
link these changes in some way to the cause of 
the dumping syndrome. No consistent rela- 
tionship between changes in the blood sugar 
levels and the occurrence of the dumping 
syndrome, asdefined, has been demonstrated. 
O’Neill believed that the greatest factor con- 








TABLE I.—COMPLETE TABULATION OF THE EF- 
FECTS PRODUCED IN 10 NORMAL PATIENTS WITH 
JEJUNAL INSTILLATION OF HYPERTONIC GLU- 
COSE 


Sign or Symptom No. of cases 
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tributing to the production of postgastrecto- 
my syndromes was the type of operation, with 
the Polya operation giving the greatest num- 
ber. Capper also thought that the dumping 
syndrome was closely related to the type of 
operative procedure. He asserted that follow- 
ing a Billroth I anastomosis dumping never 
occurs and that the syndrome may appear 
after any modification of Billroth IT. 

In 1950 Machella reproduced a syndrome 
in patients subjected to subtotal gastrectomy 
by the intrajejunal instillation of hypertonic 
solutions of glucose, protein hydrolysate, so- 
dium sulfate, or magnesium sulfate. He 
showed that the volume of fluid aspirated 
from an isolated segment of jejunum follow- 
ing the introduction of these hypertonic solu- 
tions was significantly increased and con- 
cluded that food material itself without the 
added increment of intestinal dilution was 
not sufficient to produce the necessary dis- 
tention or symptoms. He emphasized that 
with true dumping the symptoms occur 
toward the end of, or immediately after, a 
mixed meal and before the peak of blood 
sugar elevation. There is an associated rise in 
blood pressure and an increase in pulse rate 
but no hypoglycemia is encountered. Goli- 
gher and Riley, after studying the dumping 
syndrome in patients with operations rang- 


560 Surgery, Gynecology ¢ Obstetrics - May 1955 





ing from low 50 per cent resection to total 
gastrectomies, believed that stretching of the 
gastric remnant could not be implicated 
since dumping is as common after total gas- 
trectomy as after partial resection. They con- 
cluded that distention of any portion of the 
upper gastrointestinal tract could produce it. 

Our purpose in this preliminary investiga- 
tion has not been to add new theories but to 
find a method based on the exhaustive work 
of others for the objective production of the 
syndrome. Ifsufficiently accurate, yet simple, 
this test could be applied to detect even sub- 
clinical dumping and would demonstrate the 
effectiveness of various operative procedures 
or therapeutics in its prevention. 


EFFECT OF HYPERTONIC GLUCOSE SOLUTION 
WITHIN THE NORMAL JEJUNUM 


In our review of the literature, only 2 in- 
stances were found in which the dumping 
syndrome was experimentally produced in a 
normal individual. Machella intubated the 
jejunum of a normal young healthy adult 
male and introduced a hypertonic solution of 
glucose. Within 5 minutes of delivering the 
test solution, he observed a typical dumping 
reaction. If this effect could be produced con- 
sistently and uniformly in normal individ- 
uals, a useful testing device would be made 
available, particularly since it has been said 
that all gastrectomized patients in whom the 
rapid entry of ingested material into the 
jejunum can be demonstrated do not mani- 
fest dumping. 

In evaluating these data, we have used 
the following definition of the dumping syn- 
drome, whether historically elicited or ex- 
perimentally produced: the onset of weak- 
ness, nausea, epigastric distress, eructations, 
tachycardia, perspiration, vomiting or diar- 
rhea beginning within 10 minutes of or dur- 
ing the ingestion of food, this symptom com- 
plex being relieved by lying down. Any 
combination of these manifestations, regard- 
less of intensity, was considered dumping. 

Materials and methods. Ten patients who 
represented random surgical admissions were 
selected for testing. The only criteria em- 














ployed in their selection was their ability to 
ambulate, the absence of peptic ulceration, 
or prior gastric surgery. Ages varied from 15 
to 64 years. Eight were females; 2 were males. 
On the day prior to the test, the fasting 
patient was intubated with a Miller-Abbott 
tube modified by the addition of a mercury 
weighted bag. With the tube in the stomach, 
the balloon was inflated and drawn up 
against the cardia. The balloon was then de- 
flated and the tube advanced 4 inches. Main- 
tained in the sitting position, the patient was 
observed for 15 minutes, or until blood pres- 
sure and pulse had stabilized. One hundred 
and fifty cubic centimeters of 50 per cent 
glucose in water were rapidly introduced 
into the stomach. Blood pressure, pulse, and 
any objective or subjective symptoms were 
recorded every 5 minutes for at least 4% hour. 
Following this control period, the patient 
was encouraged to proceed with his usual 
ward routine, the tube being allowed to pass 
through the stomach into the small bowel. 
The following morning, the fasting patient 
was fluoroscoped to be certain that the tube 
was beyond the ligament of Treitz. The 
balloon was inflated sufficiently to occlude 
but not distend the gut, and with the patient 
again seated and the blood pressure stabil- 
ized, 150 cubic centimeters of 50 per cent 
glucose in water were rapidly introduced 
into the proximal loop of jejunum. The con- 
trol period observations were repeated. 
Results. With the tube in the stomach, none 
of the patients experienced any significant 
variations in pulse rate or blood pressure.! 
‘The only patient who exhibited any discom- 
fort was a very apprehensive 15 year old girl 
who complained bitterly of throat irritation 
from the tube, transient epigastric fullness 
and weakness, and mild dizziness persisting 
for 20 minutes. After 35 minutes, she vom- 
ited abruptly. Whether this resulted from 
gag reflex or glucose ingestion could not be 
determined. Of the remaining 9 patients, 
none was uncomfortable. Seven were ob- 


'Criteria of blood pressure and pulse change: Systolic blood 
pressure variations less than 15 points and changes in pulse less 
than 10 per minute from control observations were empirically 
considered insignificant. 
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Fic. 1. Experimental production of the dumping syn- 
drome. Response pattern of 10 normal individuals to je- 
junal instillation of hypertonic glucose. 


served to eructate occasionally; 1 had fleet- 
ing epigastric fullness and 1 mild weakness. 
Neither symptom persisted more than 5 
minutes. 

When the glucose injection was repeated 
with the tube in the jejunum, a striking 
change in the response pattern was noted. 
Marked variations in blood pressure and 
pulse rate were observed in 9 patients, the 
general tendency being toward an increased 
heart rate and elevated systolic and diastolic 
pressures. Even so, a fall as low as 70 systolic 
points was noted in 1 case, with a rise as high 
as 60 in another. 

All patients experienced varying degrees 
of weakness, fatigue, and nausea, and 4 of 
them vomited. There was epigastric distress 
or fullness in 9, and eructation and perspira- 
tion in 8. Five were noted to flush and com- 
plain of feelings of warmth. Sighing was a 
prominent sign as was a desire to defecate. 
Explosive diarrhea occurred in 3. A com- 
plete tabulation of signs and symptoms is seen 
in Table I. The onset of this syndrome began 
promptly within 5 to 10 minutes in all cases 
and the maximum response occurred within 
15 to25 minutes. The average interval before 
amelioration began was 30 to 40 minutes. 
(Fig. 1). The severity of symptoms was 
roughly graded according to the criteria pre- 
sented in Table II. Figure 2 represents a 
typical 3 plus reaction. 

Of the 10 patients so tested, only 1 had 
symptoms so mild as to be considered 1 plus 
in severity; the remainder unquestionably 
fitted the pattern of the hypothetical case 
previously described. And so, with the knowl- 
edge that dumping could be produced in 90 
per cent or more of individuals selected at 








TABLE II.—CRITERIA FOR GRADING SEVERITY OF 
SYMPTOMS 
4 plus—any 2 of the following: 
1. Marked blood pressure and pulse changes 
2. Vomiting 
3. Diarrhea 
4. Necessity to lie down for relief 
5. Marked sighing 
3 plus—any 3 or more of the following: 
Marked nausea 
Marked perspiration 
Marked flushing 
Marked eructations 
Marked weakness or dizziness 
Marked B. M. wish; borborygmi 
Marked pallor 
. Desire to lie down 
2 plus—mild 3 plus reactions or any of these: 
1. Epigastric distress or fullness 
2. Sense of warmth 
3. **Gas’” 
1 plus—Transient 3 or 2 plus. 


SNARE WN 


random, 5 patients with duodenal ulcer were 
selected for testing. 


EFFECT OF INDIRECT INJECTION OF HYPER- 
TONIC GLUCOSE SOLUTION INTO THE JEJUNUM 
OF THE PATIENT WITH DUODENAL ULCERATION 


This group consisted of patients awaiting 
elective surgery for duodenal ulcer. They 
were tested preoperatively in a manner iden- 
tical to the control group, and the results of 
the tests were in close agreement. When glu- 
cose was delivered into the stomach, no 
dumping resulted; when glucose was injected 
into the jejunum, however, 4 plus reactions 
were noted in 4 and a 3 plus in 1. If the test 
is of prognostic significance, then it can be 
predicted that all of these patients will de- 
velop postoperative dumping whenever hy- 
pertonic glucose is rapidly delivered to the 
jejunal mucosa. 

If a postoperative patient develops symp- 
toms of dumping on merely drinking 50 per 
cent glucose, we assume that rapid transport 
of the glucose from the stomach to the jeju- 


TABLE III.—COMPARISON OF TEST DUMPING IN 5 
PATIENTS WITH DUODENAL ULCER PREOPERA- 
TIVELY AND 10 TO 14 DAYS POSTOPERATIVELY 


Patient Preop. Operation Postop. (10-14 days) 
Niet owes 4 _ Billroth I with 4 
vagotomy 
My issicnchiccsec 4 Billroth II 4 
LS SR eee 4 Billroth II 1 
FS... 3 Billroth II 3 
oy EA eee 4 Billroth I 1 
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num has occurred. Postoperative tests on 
these 5 patients consisted of having the fast- 
ing patient, while seated, drink 150 cubic 
centimeters of 50 per cent glucose in water, 
This test was performed 10 to 14 days after 
operation and the same observations were 
made. (A comparison of the preoperative and 
postoperative results is seen in Table III.) 
All 5 again experienced dumping to some de- 
gree. In the 2 cases in which the degree was 
mild, it is assumed that some modification of 
jejunal transport occurred. The type of 
operation in this small group indicated no 
significant correlation with degree of symp- 
toms. 


COMPARISON OF TEST DUMPING WITH CLINICAL 
DUMPING 


In order to ascertain the degree of correla- 
tion between test dumping and clinical 
dumping, 53 patients who had undergone 
various operative procedures for ulcer, per- 
formed between 4 and 31 months previously, 
were interviewed and tested. They first an- 
swered a questionnaire particularly designed 
to reveal even the mildest forms of dumping 
symptoms. They were then subjected to the 
same test as described for the early postop- 
erative patients, after which a comparison of 
test dumping with the questionnaire was 
made. 

The over-all incidence of clinical dump- 
ing was 36 per cent; of test dumping, 34 per 
cent. Thirty-nine patients or 74 per cent of 
the total were found to have responses to the 
test which correlated closely with the clinical 
information gained through the question- 
naire. Since clinical evaluation may be less 
objective than the test, it is not surprising 
that more were clinically doubtful. Seven 
who were clinically doubtful had negative 
tests. Of 3 who had doubtful tests, 2 were 
clinically negative. If then, these doubtful 
negative evaluations are equated, only 5 
tests (9 per cent) reveal significant clinical 
discrepancy, with no tendency for the error 
to be either positive or negative. The test 
would seem to be a fairly simple and accu- 
rate method for objectively revealing dump- 

















ing in at least 90 per cent of cases where it 
exists, regardless of degree. 


INCIDENCE OF DUMPING WITH VARIOUS OPERA- 
TIVE PROCEDURES 


To date, 56 postoperative patients have 
been tested in the manner described in an 
effort to determine a preferential operative 
attack with reference to the prevention of 
the dumping syndrome. It had occurred to 
us, as to many others, that the Billroth I pro- 
cedure (gastroduodenostomy), being a con- 
tinuity operation, might reveal a lower in- 
cidence. In addition, the literature reveals 
little comment regarding dumping following 
vagotomy combined with pyloroplasty. Re- 
sults of tests are summarized in Table IV. 

Twenty-one patients revealed some de- 
gree of dumping (an incidence of 38 per 
cent) which was moderate to severe in 12 
(21 per cent). In 14 patients with vagotomy 
and pyloroplasty, the interval between oper- 
ation and test varied between 5 and 31 
months, and no correlation between this 
time and the presence or absence of dump- 
ing could be seen. The patient with the 
3 plus reaction had his operation 30 months 
previously. Of this group, 4 (29 per cent) 
had some measure of dumping, and 2 (14 
per cent) to a severe degree. 

In 17 patients with the Billroth I type of 
operation, the incidence of dumping did not 
seem to depend significantly upon whether 
or not a vagotomy had been performed. ‘The 
time between operation and test varied 
between %4 and 22 months, but most of the 
tests were taken 6 to 18 months postoper- 
atively. Again, no definite correlation was 
observed between this time interval and the 
presence or absence of symptoms, although 
2 patients seemed to exhibit gradually di- 
minishing clinical symptoms. One patient 
had a 2 plus test after 22 months, while 
another had a negative test after 1 month. 
Of these patients, 5 (29 per cent) showed 
some degree of dumping, 3 (18 per cent) 
being severe. 

Of the 25 patients tested with Billroth II 
procedures 5 revealed clinical evidence of 
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Fic. 2. Experimental production of the dumping syn- 
drome. Typical 3-++ dumping reaction in a normal individ- 
ual in response to jejunal instillation of hypertonic glu- 
cose solution (Pt. L. J.). 





early dumping which gradually disappeared, 
the longest lasting 8 to 9 months. The rest 
had either overt symptoms of a stabilized 
nature, or none at all. Eighteen had had 
retrocolic anastomoses, 2 vagotomies, and 7 
antecolic anastomoses. The group as a 
whole contained 12 (48 per cent) dumpers, 7 
(28 per cent) of which were severely affected. 
Four of the 7 patients with anterior anasto- 
moses had some degree of test dumping, 2 of 
which were 4 plus. The intervals between 
surgery and test varied from 1 to 18 months, 
a 4 plus test being observed in the latter 
patient. Of the remaining 18 patients with 


TABLE IV.—COMPARISON OF TEST DUMPING IN 
THE LATE POSTOPERATIVE PATIENT, ACCORDING 
TO OPERATION TYPE 


Test Dumping 


Operation No. Neg. Doubtful 1+ 2+ 3+ 4+ No.+ Per cent+ 
Vagotomy 

and pyloro- 

plasty..... 14 8 2 2@ 4 3 4 29 
Billroth I with 

or without 

vagotomy.. 17 11 1 Bs 3. 3 a 5 29 
Billroth II... 25 13 0 $207 48 
BOE iv ccce 56 21 38 








TABLE V.—THE INCIDENCE AND DIMINISHING 
TENDENCY OF SEVERE DUMPING WITH VARIOUS 
OPERATIVE PROCEDURES ; 


a Severe dumping (test or clinical) 
No. Past and Per Dumping Per cent Per cent per- 








Operation present cent — lost lost sisting 
Vagotomy and 
pyloroplasty.. 14 3 621 | 33 14 
BillrothI...... 17 6 33 3 50 18 
Billroth IT... .. 25 9 36 2 22 28 
Cr ee 56 18 32 6 33 21 


posterior anastomoses, 8 (45 per cent) had 
dumping, 5 (28 per cent) of severe degree. 

In addition to the above evaluation, it 
should be pointed out that a certain number 
of patients was encountered who gave a 
history of significant dumping at one time 
in the past which was not severe at the time 
of the test. If these incidences are re-ex- 
amined in the light of significant or severe 
dumping, as measured either by past or 
present clinical history or test dumping, 
they may be summarized as follows, where 
the 1 and 2 plus values have been omitted 
as being of relatively minor importance 
(Table V). 

It is at once apparent that regardless of 
the operative procedure performed, there is, 
in all instances, a tendency for initial dump- 
ing (if present) to diminish. Remembering 
that we are now considering only severe 
dumping as measured either by past history 
or test dumping, it is seen that 32 per cent 
of all patients will have pronounced and 
annoying dumping. About one-third of 
these will experience spontaneous remission. 
A greater tendency for dumping to diminish 
is seen in the Billroth I group. ‘This tendency 
is least in the Billroth II group, while 
vagotomy with pyloroplasty takes an inter- 
mediate position. 

The highest incidence, whether past or 
present, is seen with Billroth II type pro- 
cedures. Furthermore, the ultimate persist- 
ence of severe dumping is in direct propor- 
tion to the magnitude of the operative pro- 
cedure or to the extent to which intestinal 
continuity is disrupted. Accordingly, the 
percentages ascend: vagotomy and pyloro- 
plasty (14 per cent), Billroth I (18 per cent), 
and Billroth II (28 per cent). 
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SUMMARY AND CONCLUSIONS 


1. The dumping syndromes may be de- 
fined as the prompt onset of any degree or 
combination of weakness, nausea, epigastric 
distress, tachycardia, eructations, perspira- 
tion, flushing, or sense of warmth beginning 
during or within 10 minutes of the ingestion 
of food. It may be associated with immediate 
vomiting or explosive diarrhea. The symp- 
toms are usually relieved by lying down. 

2. There is no generally accepted explana- 
tion for the mechanism of production al- 
though probably it is related to sudden 
distention of any portion of the upper 
intestinal tract, whether this be duodenum 
or jejunum. 

3. Typical dumping symptomatology can 
be produced in at least 90 per cent of random 
individuals by the intrajejunal instillation of 
hypertonic glucose. The criteria of the 
dumping as described in 1 are fulfilled, with 
incapacitating symptoms occurring in 60 
per cent and a maximum response occurring 
within 15 minutes. The duration is less than 
45 minutes. 

4. The same reaction can be produced 
preoperatively in patients with duodenal ulcer 
by jejunal instillation of 50 per cent glucose. 
Of 5 such ulcer patients tested 10 to 14 days 
postoperatively by simple oral ingestion of 150 
cubic centimeters of 50 per cent glucose in 
water, all experienced dumping to some 
degree. 

5. When this test dumping is compared 
with clinical dumping in the late post- 
operative ulcer patient, it correlates well 
and is offered as a simple method for ob- 
jectively revealing dumping in about 90 per 
cent of cases, regardless of degree. 

6. In a series of 56 patients with varying 
operative procedures for ulcer, the over-all 
incidence of test dumping was 38 per cent, 
and it was severe in 21 per cent. The in- 
cidence in Billroth II was almost twice that 
of either vagotomy and pyloroplasty or 
Billroth I. 

7. If the incidence of current test dumping 
is compared with a prior history of dump- 
ing, it is seen that about one-third of pa- 











tients will lose their dumping. This tendency 
is greatest with the Billroth I; least, with 
the Billroth IT. 

8. Dumping is related directly to the de- 
eree of disruption to which gastrointestinal 
continuity is subjected, being least with 
vagotomy and pyloroplasty, intermediate 
with Billroth I, and greatest with Billroth IT. 

9. It is believed that the test herein pre- 
sented could be useful in evaluating object- 
ively either operative or therapeutic meas- 
ures resorted to in the treatment of dumping. 
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ACHLORHYDRIC PATIENT 


INTRAGASTRIC TEMPERATURES IN THE 


H. B. BENJAMIN, M.D., MARVIN WAGNER, M.D., F.A.C.S., WALTER ZEIT, Ph.D., 
A. V. PISCIOTTA, M.D., and R. K. AUSMAN, Milwaukee, Wisconsin 


THIs ARTICLE deals with the intragastric 
temperature in relation to the formation of 
pepsin and hydrochloric acid in the normal 
subject and in the patient with pernicious 
anemia. As the intragastric temperature is 
a reflection of the regional blood flow neces- 
sary for the metabolism of this organ and 
as the vascular architecture of the stomach 
of the patient with pernicious anemia is 
altered, we decided to study the tempera- 
ture of normal subjects and those with 
pernicious anemia. The intragastric tem- 
perature of normal individuals varies with 
the stage of activity of that organ. During 
hunger the temperature gradually drops to 
a low level, and when the hunger contrac- 
tions stop the temperature returns to normal 
or near normal (6). This phenomenon 
takes place because of the muscular con- 
tractions of the stomach during hunger com- 
pressing the blood vessels entering the 
gastric vascular highway and thereby ob- 
structing the normal blood flow to and 
within the wall of the stomach. The amount 
of body heat produced depends upon the 
metabolic rate and, therefore, upon the 
activity of exothermic chemical reactions. 
All of the heat produced in the human 
body ultimately comes from oxidative 
processes. The temperature of the living 
body or any of its component parts, whether 
it be a solid or hollow organ, is never static. 
We believed that these variations in tem- 
perature were dependent upon the metab- 
olism of its basic cell and collectively re- 
flect the metabolic activity of that organ. 
As the mucous membrane and the muscular 


From the Departments of Anatomy and Hematology, Mar- 
uette University School of Medicine and Milwaukee County 
eneral Hospital, Milwaukee. 





layer of the stomach in the patient with 
pernicious anemia are atrophic and as the 
regional blood vessels are fractionated, the 
blood flow would be altered, the metabolism 
of this organ would be reduced, and the 
temperature would be low. 


MATERIAL AND METHOD 


Thirty patients with pernicious anemia 
were studied. The diagnosis in these cases 
was substantiated by the clinical picture, 
blood picture, bone marrow biopsy, and 
gastric analysis. The patients, ranging in 
age from 65 to 83 years, were all in remis- 
sion and undergoing active treatment for 
pernicious anemia. The length of treatment 
covered periods of from 2 to 22 years. 

For this study we employed a thermopile 
of iron constantan wires threaded through 
a polyvinyl plastic tube. The thermopile 
was conducted to a Leeds and Northrup 
speedomax type G recorder, which was 
checked before and after use in each.case 
with a high and low “check coil,” assur- 
ing accurate temperature recordings. The 
intragastric and oral temperatures of our 
entire series of patients were taken at the 
same time interval on a fasting stomach, 
between the hours of 10:00 a.m. and 1:00 
p.m. The purpose of this time schedule was 
to ascertain a “hunger phase’’ recording, 
if obtainable on a fasting stomach. 

The thermopile was passed through the 
mouth, the tubing was well lubricated, and 
the patient was directed to swallow. To 
avoid regurgitating the tube he was in- 
structed to swallow with every advance of 
the tube. Positioning of the tube was usually 
checked by fluoroscopy. With the tube in 
place the speedomax recorder was activated 
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Fic. 1. This tracing shows the intragastric tempera- 
ture prior to, during, and after the hunger contractions 
subsided. 


for recording. The oral temperature was 
taken at regular intervals and charted. 
These findings were compared with those 
of medical students used as controls (6). 

Our findings revealed that the pernicious 
anemia patients present a plateau curve, 
such as was demonstrated in those in whom 
spasmolytic medication was administered 
(4), and that every true case showed a 
“mirror tracing” (Fig. 3). 

Regardless of what factors we attempted 
to employ to manifest a variation in the 
tracing, our results were invariably a con- 
stant plateau curve. The factors which we 
used were individual gastric instillation of 
solutions of pepsin at the patient’s oral 
temperature, then tenth normal hydro- 
chloric acid, and finally pepsin and hydro- 
chloric acid, in equal parts in different 
patients; however, there was no apparent 
variation in the mirror tracings which we 
obtained in all established pernicious ane- 
mia patients. Other factors which we em- 
ployed were smoking, cephalic stimulation 
by eating in the presence of the patient at 
the time of his usual lunch hour, thus at- 
tempting to precipitate a ‘‘hunger phase,” 
and finally having the patient himself chew 
gum or candy in an attempt to initiate 
hunger contractions. We found no variation 
in the plateau tracing whether the patients 
were treated or untreated. 





Benjamin et al.: INTRAGASTRIC TEMPERATURES IN ACHLORHYDRIC PATIENT 





567 














w (OiL 

[4 

2 

= a 

& 

5 100, 

= 

Y 

4 

a 

s 99OL 

<= 

ac 

~~ 

= 

98 4. s. ry i a 
9AM. 10 i 12 1 2PM. 


Fic. 2. This tracing shows the intragastric temperature 
after the use of a spasmolytic drug. ‘The intragastric tem- 
perature leveled off and did fall during the hunger phase. 


One untreated case in which the patient 
had all the presumptive signs of pernicious 
anemia as shown by peripheral blood and 
bone marrow studies but who, however, had 
not had a gastric analysis, did manifest a 
variable intragastric temperature curve, 
not consistent with the usual pernicious 
anemia plateau curve. We reported our 
findings to the director of the hematology 
clinic, and subsequent work-up revealed 
that this patient did not have an achlorhy- 
dria gastrica and his was not a true case of 
pernicious anemia. We carried our work 
further, doing temperature studies on pa- 
tients with profound anemias secondary to 
Hodgkin’s disease and chronic lymphatic 
leucemia. However, in these cases the usual 
normal response was obtained manifesting 
a hunger phase in the tracing. 


COMMENTS 


It has been our conviction that the tem- 
perature of one organ was specific for that 
organ at that moment and not a reflection 
of or influenced through conduction by the 
temperature of another organ. It has been 
the contention of some investigators that 
temperatures of various organs were de- 
pendent upon contiguous organs, for ex- 
ample, the liver being the overbearing 
organ in the abdominal cavity influences 
the temperature of the surrounding organs. 





102 B8.T. 





1OlL 
fooL 


99. 
ORAL 


INTRAGASTRIC | 





TEMPERATURE 


98 2 











97UL1 l n i —_—ae 1 
TIME 10:30 11:00 11:30 12:00 12:15 
Fic. 3. Both oral and intragastric temperatures in per- 

nicious anemia patient. In all 30 cases studied intra- 
gastric temperature curve was a straight line tracing. 





In fact, early publications of our findings 
produced several repercussions regarding 
the aforementioned contention (5). We 
will, in the dissertation which follows, at- 
tempt to substantiate our findings. 

In our studies of the vascular patterns of 
the stomach and gastric mucosa in their 
relationship to the neurovascular mechan- 
ism of the stomach and duodenum, we 
showed that the mucous membrane folds 
were closely associated with large blood 
vessels and that they became flat and thick 
depending upon gastric contractions and 
the regional vascular state. On occasions, 
although the large vessels in the loose 
areolar vascular highway were stuffed with 
contrast material, the small blood vessels in 
the mucous membrane were barely visible. 

We noted that peripheral vagal stimula- 
tion had a definite influence on the regional 
vascular pattern and on the regional tem- 
perature of the stomach (5, 6). Stimulation 
of the distal stump of the right vagus caused 
the gastric contents to be increased in 
volume and to become highly acid, strongly 
peptic, and watery. The injected vascular 
pattern showed that the greater part of the 
pylorus was devoid of circulation, whereas 
the remainder of the stomach had a normal 
vascular pattern. In the experiments in 
which the left vagus was stimulated, there 
was a blanching of the cardiac fundic 
area; when the right vagus was stimulated, 
the pyloric area blanched. Since the vessels 
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in all of the layers of the gastric wall, both 
anterior and posterior, were devoid of cir- 
culating blood and the arcuates were full of 
blood, it was apparent that this was not a 
shunting phenomenon within the organ 
but diversion of blood to other organs, such 
as the liver or pancreas. We believed that 
this might be a regular shift of the blood 
flow in an advanced stage of digestion and 
not an internal shunting of shock. It gives 
the organs the added blood necessary at 
that point in the process of food disintegra- 
tion for the elaboration of the digestive 
juices (5, 6). It is believed that this is an 
autotransfusion of one area to another with- 
in an organ or from one organ to another. 

In view of our findings the variations in 
the microvascular architecture of the nor- 
mal and stimulated stomach in part support 
the theory that the origin of ulcers in the 
stomach is dependent upon a neurovascular 
imbalance. When the left vagus nerve was 
cut and the distal stump stimulated, the 
vascular supply to the cardiac-fundic area 
was diminished. When the right vagus was 
stimulated, the magenstrasse appeared com- 
pletely devoid of vessels. ‘To a lesser extent 
this same reaction must go on during normal 
digestion. It would be highly illogical for 
the same amount of blood to flow to the 
stomach at rest as during active digestion. 

Hyperactivity of the stomach increases 
the quantity of secretion, with a quantita- 
tive increase in the amount of acid present. 
Emotional states are reflected in the vascu- 
lar ‘‘blushing” of the gastrointestinal mu- 
cosa. Ulcers are more likely to develop in 
nervous, high-strung persons than in calm, 
phlegmatic ones. All these reactions are 
undoubtedly greatly influenced by the play 
of the nervous impulses, especially through 
the right vagus, on the blood vessels of the 
stomach and duodenum. 

The acid theory of peptic ulcer genesis 
maintains that constant hyperacidity and hy- 
persecretion break down the resistance of the 
gastric or duodenal mucosa and cause the 
ulcer as well as its chronicity (4). Necheles 
disagrees with this opinion (8, 9). We, too, 























disagree with the aforementioned theory but 
do so because, in our opinion, the secretion 
was produced by the same hyperactive vagus 
nerve that caused the vascular changes, this 
vascular spasm leading to regional or focal 
ischemia. Regional ischemia, of necessity, 
causes anoxia and necrosis and only then 
does the acid cause erosion and ulcers. 

Stimulation of the right vagus nerve causes 
a gastric secretion, high in peptic power and 
strongly acid in reaction. The ulcer patient 
has a hyperactive vagus, which, in our opin- 
ion, causes excess acid formation and hyper- 
tonia of the stomach and thereby causes the 
parietal cells to be more sensitive to stimuli 
whether nervous, physical, or chemical. 

Under vagal stimulation the glands of the 
lesser curvature produce more acid-pepsin 
secretion than do those of the greater curva- 
ture. Duodenal ulcer and pyloric obstruction 
are always accompanied by hyperacidity. 
Emotional states, coming as but small re- 
peated taps on an already overburdened 
nervous system, may be looked upon as a 
subtle form of trauma which, over a period 
of time, produce the same effect as electrical 
stimulation or actual violent injury. Because 
of the aforementioned findings we continued 
studies of the injected human ulcer-bearing 
stomachsand found thesame physioanatomic 
derangement and altered vascular patterns 
as in the stimulated stomachs of dogs (7). 

Tissue respiration and metabolism are di- 
rectly dependent upon blood flow. In the 
light of rational and conservative body re- 
sponse, the blood requirements of an organ 
or tissue at rest would not be equal to the 
requirements of the same structure during 
different degrees of activity. It becomes ob- 
vious, therefore, that shunting or by-passing 
should be anormal physiologic phenomenon. 
Blood is diverted to the tissue or organ with 
the greatest need. 

Since a change in temperature follows any 
regional change of blood flow, and therefore 
oxygen change, experiments were devised to 
demonstrate the relationship between the 
vascular pattern and the intragastric temper- 
atures. It seemed reasonable to suppose that 
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TABLE I.—PERNICIOUS ANEMIA CASES 
Oral Intragas- 


Length temper- tric tem- 
of treat- ature, perature, 
Case Ini- Age, ment, degrees degrees 


No. tials Sex years years Remarks 


77 13 «98.6 98.6 
71 10 986 99.0 
13 EJ. 69 4 990 98.8 
14 B.T. M 77 4 9.6 98.0 
15 APb. F 62 — 99.2 98.0 


1 J.K. M 83 18 98.6 99.0 
Ar M 7 2 97.6 98.2 
3 FG M 70 8 98.6 98.9 
4 JB. M 71 22 99.0 98.2 
5 M.N. F_ 63 4 98.6 98.6 
6 M.K. F_ 70 3 98.4 99.5 
7 HS. M 40 8 98.8 98.4 
8 O.Cc. M 73 20 98.6 98.6 
9 ND. M 75 5 98.4 98.6 
10 AD. F 69 9 98.6 75 

11 GW. M 

. = 

F 


Untreated P. A. 


if the blood volume and rate of flow were 
reduced, the temperature in the area would 
fall. We noted in our experiments that ap- 
proximately 14 hour after the patient began 
to desire food the temperature took a sharp 
dip to a lower level. Shortly after the sub- 


ject’s hunger pangs had subsided, the tem- 


perature within the stomach returned to its 
previous or near previous plateau (Fig. 1). 

It was postulated that this reaction took 
place because the muscular contractions of 
the stomach arrested the blood flow and led 
to a dearth of oxygen and a reduction of re- 
gional metabolism. This contention is based 
on previous work on the neurovascular mech- 
anism of the stomach. We also demonstrated 
that in the stimulated stomach the mucous 
membrane is kept in a state of anemia be- 
cause of the shunting mechanism of the vas- 
cular bed. Spasmolytic medication was em- 
ployed on our subjects, and its effects upon 
the physiologic mechanisms of the stomach 
were noted. Gastric motility was inhibited, 
as demonstrated by kymographicstudies with 
an intragastric balloon and by recordings of 


TABLE II.—UNRELATED DEBILITATING DISEASES 


Yrs. Oral 
of tem- 
Case Ini- treat- pera- Intragastric 
No. tials Sex Age ment ture temperature Remarks 
1 HS. M 38 4% 98.6 98.8-99.1 Hodgkin’s disease 


100.2-99.8 Free acid 
99.2-99.6 Myelogenous leu- 
cemia 


2 MJ. F 76 2 98.6 
3 SB. F 68 1 98.4 
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TABLE III.—TEMPERATURES, ORAL AND INTRAGAS- 
TRIC, IN NORMAL MALES EXPRESSED IN DE- 
GREES FAHRENHEIT j 


Initial Hunger phase 

Oral intragastric intragastric 

Subject temperature temperature temperature 
1 98.6 101.0 98.8 
2 98.8 100.6 99.4 
3 98.6 98.8 98.8 
4 97.8 100.0 99.2 
5 98.6 100.6 99.2 
6 98.2 100.7 100.2 
7 98.0 101.0 99:3 
8 97.8 100.0 99.0 


the intragastric temperatures. During the 
hunger phase the spasmolytic medication 
prevented temperature fluctuation by inhib- 
iting gastric activity, thereby resulting in a 
plateau effect (4). This was interpreted as 
indicating a constant flow of blood to the 
mucous membrane (Fig. 2). 

Noting that an organ such as the stomach 
reflected its metabolic activity through its 
temperature, for when there was an outflow 
of gastric secretion there was a concomitant 
rise in temperature, we thought that it would 
be interesting to record a study on patients 
with pernicious anemia. Such patients have 
an achlorhydria, and histologically show an 
atrophic muscular layer, as well as an atroph- 
ic mucous membrane, and as we found that 
the intragastric temperature was related to 
acid production, we investigated this phe- 
nomenon in pernicious anemia patients. 


RESULTS 


We studied 30 patients with pernicious 
anemia and compared the findings with those 
in 100 normal medical students. We also 
took the temperatures of 3 patients with un- 
related debilitating diseases for further com- 
parison. The results are listed in Tables I and 
II. The intragastric temperatures in the per- 
nicious anemia patients were always static. 
No reduction in the temperature due to hun- 
ger contractions was noted in any of the 
pernicious anemia patients examined. In 3 
cases of unrelated debilitating diseases the 
intragastric temperature fluctuated with the 





hunger phase as it did in our 100 normal 
controls. The addition of acid, pepsin, or 
acid and pepsin warmed to the patient’s tem- 
perature did not alter the intragastric temper- 
ature. Cephalic stimulation failed to alter the 
intragastric temperature. Intragastric bal- 
loons inflated in the stomach and attached 
to a recorder failed to show the gastric con- 
tractions of hunger that were recorded from 
the normal student subjects. 


SUMMARY AND CONCLUSION 


This experiment shows that the tempera- 
ture of each organ is independent of its con- 
tiguous organs, and that this temperature 
reflects the metabolic activity of the organ. 
The temperature of an organ is dependent 
on the metabolic activity of its cells. In per- 
nicious anemia cases in which there is no 
evolution of hydrochloric acid or pepsin, 
there is a plateau temperature tracing in 
every case, with no evidence of influence by 
a contiguous organ such as the liver. In view 
of the findings in 1 false case of pernicious 
anemia, we suggest using the recording of 
intragastric temperatures on probable cases 
of pernicious anemia and the possible em- 
ployment of this procedure as an adjunct in 
the armamentarium ofa diagnostic work-up. 
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GALLBLADDER BILE CONCENTRATIONS OF 


THE MAJOR ANTIBIOTICS FOLLOWING 
INTRAVENOUS ADMINISTRATION 


EDWIN J. PULASKI, M.D., F.A.C.S., and 


MATTHEW H. FUSILLO, B.S., Washington, District of Columbia 


‘THE APPEARANCE OF ANTIBIOTICS in the bile 
of animals and man following parenteral 
administration has been demonstrated for 
the major drugs in clinical use. Cook and 
associates, using mongrel dogs in which the 
common bile duct was indurated, found, in 
general, that penicillin, dihydrostreptomy- 
cin, chloramphenicol, chlortetracycline, and 
oxytetracycline occurred in the bile at levels 
in excess of their plasma concentrations. 
‘Thirty to 75 minutes elapsed after intrave- 
nous injections of the antibiotics before the 
maximum concentrations in the bile were 
reached. 

According to Zaslow (7), the secretion of 
antibiotics under the abnormal circum- 
stances during which therapy is instituted 
in clinical practice is different from that 
which takes place under normal conditions. 
‘The most important factor governing the 
entrance of antibiotics into gallbladder bile, 
he states, is patency of the cystic duct. Acute 
inflammation does not alter the mode of en- 
trance of antibiotics into the gallbladder 
lumen. When acute inflammation is coex- 
istent with obstruction of the cystic duct, 
when liver function is impaired, or when 
there is obstruction of the common duct, 
antibiotics are either not excreted at all or 
in very small concentrations only. His ob- 
servations led Zaslow to conclude that: (1) 
antibiotics do not influence the local patho- 
logic changes of acute cholecystitis; whereas 
(2) they are effective in relieving symptoms 
(elevated temperature and pulse) and signs 


From the Department of Surgery and the Antibiotics Section, 
Laboratory Service, Walter Reed Army Hospital, Walter Reed 
Army Medical Center, Washington, D. C. 





(local tenderness) and leucocytosis when 
there is severe systemic reaction to the local 
disease; and (3) in patients with obstructive 
jaundice, chemotherapeutic agents do not 
overcome any local infection in the biliary 
tree as long as the obstruction is unrelieved. 
Zaslow offered no explanation for the mech- 
anism of reversal of severe systemic reactions 
by antibiotic therapy in acute cholecystitis. 
In patients with biliary tract infection he 
attributed their general clinical improve- 
ment to antibiotic therapy by prevention or 
control of infection in the liver itself. In re- 
cent publications (8, 9) Zaslow stated that 
oxytetracycline and tetracycline could be 
recovered in common duct bile even though 
obstruction was present, and that there might 
be a distinct advantage in the use of these 
antibiotics over the others which had been 
previously studied. 

The studies reported herein summarize 
the levels obtained in human gallbladder 
bile by a consistent dosage regimen for each 
of the antibiotics used. The purpose of the 
study was to provide a basis for compari- 
son of the relative biliary secretion of the 
different antibiotics. Based on our findings 
(2) that there is a build-up of penicillin and 
tetracycline in the prostatic fluid of patients 
after 2 or more days of administration, addi- 
tional assays of gallbladder bile were made 
on 4 patients with acute cholecystitis who 
received multiple doses of tetracycline prior 
to cholecystectomy. It will be demonstrated 
that, in contradistinction to the failure to 
demonstrate antibiotic in the gallbladder 
bile following a single dose, repeated doses 
will achieve therapeutic concentrations. 
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TABLE I.—ABSORPTION AND DIFFUSION OF 9 ANTIBIOTICS INTO THE BLOOD AND BILE 
IN 69 HUMAN PATIENTS 


No. of 

Dosage patients 
Chlortetracycline mcgm./ml. 500 mgm.* 7 
Oxytetracycline megm./ml. 500 mgm.* 12 
Penicillin u./ml. 750,000 units* 6 
Erythromycin mcgm./ml. 400 mgm. per os 5 
Bacitracin u./ml. 25,000 units* 9 
Neomycin mcgm./ml. 500 mgm.* 4 
Polymyxin mcgm./ml. 100 mgm.* 7 
Chloramphenicol mcgm./ml. 500 mgm.* 8 
Streptomycin mcgm./ml. 500 mgm.* 11 


*In 250 ml. 5 per cent dextrose, intravenously, before surgery. 


METHODS AND MATERIALS 

A total of 94 patients are included in this 
study. Eighty-four had chronic cholecystitis, 
7 had acute or subsiding acute cholecystitis, 
and 1 had adenocarcinoma of the gallblad- 
der. With the exception of erythromycin, 
which was administered orally, the dosages 
for the respective antibiotics listed in ‘Tables 
I and II were maintained. The antibiotics 
were prepared in 250 milliliters of 5 per cent 
dextrose solution and administered intrave- 
nously 1 hour before surgery. Blood and bile 
specimens were taken during the operation 
at the time of the division of the cystic duct 
and then assayed. 

Antibiotic assays were conducted by the 
serial twofold dilution methods in use at the 
antibiotic laboratory. The minimum amount 
of each antibiotic that could be measured in 
these experiments is as follows: Tetracycline, 
0.156 microgram per milliliter; chlortetra- 
cycline, 0.156 microgram per milliliter; oxy- 
tetracycline, 0.156 microgam per milliliter; 
penicillin, 0.039 unit per milliliter; poly- 
myxin, 0.6 microgram per milliliter; chlo- 
ramphenicol, 0.625 microgram per millili- 
ter; and streptomycin, 0.5 microgam per 
milliliter. 


RESULTS 


Table I is a consolidated chart of 38 pre- 
viously reported cases (6) and includes 31 
new cases, making a total of 69 patients for 
the 9 antibiotics studied. It will be noted 
that concentrations in the bile vary from 
none (cystic duct obstruction) to many times 
the level assayed in the blood serum. Penicil- 











Blood. Bile. 
High Low Average High Low Average 
18.0 1.2 12.0 72.0 2.4 40.0 
18.0 0.6 10.3 144.0 0.3 45.6 
20.0 5.0 10.0 10.0 2.5 5.2 
5.0 0.16 1.6 20.0 0.08 6.3 
1.25 0.04 0.75 5.0 0.04 1.6 
0.6 0.6 0.3 4.8 0.6 2.1 
8.0 0.6 | 9.6 0.6 2.0 
5.0 1.25 1.4 10.0 1.25 ga 
16.0 0.6 te 32.0 0.5 5.7 


lin, streptomycin, and bacitracin appeared 
in the bile concentrations approximately 
equal to the blood serum levels. Chloram- 
phenicol, neomycin, and polymyxin were 
detected in very low concentrations in both 
the serum and the bile. Erythromycin levels 
in the bile averaged 4 times the concentra- 
tion in the blood. The highest levels obtained 
followed the intravenous infusion of chlorte- 
tracycline and oxytetracycline. 

Table II summarizes the results of secre- 
tion of tetracycline in the bile of 25 pa- 
tients who received a single intravenous dose 
of 100, 250, or 500 milligrams of the drug. 
It will be noted that the blood and bile levels 
attainable with either of the two smaller 
doses approximate those obtained with 500 
milligrams of either oxytetracycline or chlor- 
tetracycline. The only patient in whom no 
drug could be assayed in the bile had ob- 
struction of the cystic duct at the time of 
operation. 

Table III lists the results obtained in 4 
patients with acute cholecystitis who re- 
ceived multiple doses of tetracycline prior 
to operation. In each instance therapeutic 
levels of antibiotics were measured in the 
gallbladder bile. These findings are in con- 
trast to the results obtained when assays 
were made on the bile of patients with cystic 
duct obstruction who received only 1 dose 
of antibiotic. 


DISCUSSION 


The mechanism for the invasion of micro- 
organisms into the bile ducts and gallbladder 
is not understood. Numerous investigations 





























support the hypothesis that mechanical and 
biochemical factors, singly, or in combina- 
tion, play the dominant roles in inflamma- 
tions of the biliary tract; and that, after a 
variable time, bacterial infection becomes 
superimposed on the inflammatory process. 
The bacteria recovered are the same as those 
which inhabit the gastrointestinal tract. In 
a careful study of 244 cases of biliary tract 
disease, Meleney found positive cultures in 58 
per cent of the cases of acute cholecystitis 
and in 33 per cent of the chronic cases. 
Escherichia coli was recovered in one-half 
of the positive cultures and nonhemolytic 
streptococci in nearly the same numbers. 
Gram-negative rods formed another fairly 
large group, closely followed by the Clos- 
tridium welchii. About 60 per cent of the 
cases harbored pure cultures and the re- 
mainder a mixed flora. In his series of 109 
cases, Lester found that the instance of posi- 
tive cultures was twice as high when the gall- 
bladder was gangrenous at operation as it 
was in the nongangrenous acute cholecystitis 
series. He found frequent correlation be- 
tween the severity of the inflammatory proc- 
ess in the gallbladder and the febrile and 
leucocytic response. Anderson and Priestley 
made a bacteriologic study of choledochal 
bile removed at operation on the biliary 
tract in 100 cases. Whether stone was present 
or not, Escherichia coli was found more often 
than any other species, either by itself or in 
association with other bacteria. Next in fre- 
quency were Aerobacter aerogenes, Strep- 
tococcus faecalis, and proteus species. Previ- 
ous operation on the biliary tract appeared 
to predispose to bacteria in the common bile 
duct, particularly when the operation was 
on the duct itself. Infection in choledochal 
bile was found in 87.8 per cent of the cases 
in which chills and fever occurred in the 
presence of disease of the biliary tract. 
The great majority of the bacteria recov- 
ered in these studies are susceptible in vitro 
to streptomycin, polymyxin, neomycin, and 
the tetracycline antibiotics. In our studies 
on dissemination of antibiotics into the gall- 
bladder bile following intravenous injection 
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TABLE II.—ABSORPTION AND DIFFUSION OF TETRA- 
CYCLINE INTO THE BLOOD AND BILE IN 25 PA- 
TIENTS 





Blood Bile 
No. of High Low Average High Low Average 
Dosage patients (megm./ml.) (megm./ ml.) 


500 mgm.* 9 160.0 5.0 80.0 320.0 40.0 200.0 
250 mgm.* 6 10.0 1.25 4.5 80.0 10.0 33.0 
100 mgm.* 10 20.0 1.25 5.2 160.0 0.0 45.0 
*In 250 ml. 5 oa cent dextrose, intravenously, before operation. 
a 


tOne patient had no secretion at all; cystic duct obstruction found 
at operation. 





of the drugs, the tetracycline drugs were 
assayed in much higher concentrations than 
were the other antibiotics tested. ‘Tetracy- 
cline levels were higher than either of the 
two tetracycline analogues. Irrespective of 
the antibiotics administered, no significant 
amount of drug was recovered in the gall- 
bladder bile following a single intravenous 
injection when the cystic duct was obstructed 
at the time of surgery. These findings are in 
complete agreement with those of Zaslow. 
In 4 patients with acute cholecystitis who 
were given several doses of tetracycline intra- 
venously for 24 or 48 hours preoperatively, 
therapeutic levels of antibiotics were assayed 
in the gallbladder bile. In each instance the 
cystic duct was obstructed by stone im- 
bedded in the neck of the gallbladder. These 
findings suggest that dissemination of tetra- 
cycline into gallbladder bile in the presence 
of cystic duct obstruction does occur in time, 
presumably through the mechanism of extra- 
cellular fluid exchange. This demonstration 
may explain why antibiotics given to pa- 
tients with acute cholecystitis and severe 
systemic symptoms cause subsidence of con- 
stitutional signs and symptoms. Whether 


’ antibiotics localize the inflammatory process 


by combating invasion of bacteria from the 
gallbladder to contiguous structures or by 
other mechanisms remains to be determined. 


TABLE III.—BLOOD SERUM AND GALLBLADDER BILE 
TETRACYCLINE LEVELS IN 4 PATIENTS WITH 
ACUTE CHOLECYSTITIS 








Tetracycline. 
Dosage Blood Bile 
Case (by intravenous administration) (megm./ml.) 
1 250 mgm. q. 6h. X 8 1.25 10 
2 100 mgm. q. 6h. X 5 5.0 20 
3 250 mgm. q. 6h. X 8 10.0 80 
4 250 mgm. q. 6h. X 8 2.5 40 





574 Surgery, Gynecology ¢ Obstetrics - May 1955 


Based on these studies, tetracycline would 
appear to be the empiric drug of choice for 
infections of the biliary system before and 
during surgical intervention. Repeated doses 
of 100 to 250 milligrams given intravenously 
or intramuscularly should prove adequate. 
Selection of the antibiotic of choice should 
be governed by the results of culture sensi- 
tivity tests when such tests are available. 
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RADICAL SURGERY FOR CANCER OF THE CERVIX 


METASTASIZED TO PERIPHERAL LYMPH NODES 
(EXCLUDING EXENTERATIONS) 


ALEXANDER BRUNSCHWIG, M.D., F.A.C.S., New York, New York 


Years AGO, Wertheim, whose name is firmly 
associated with the surgical treatment of 
cancer of the cervix, with others of his con- 
temporaries was of the opinion that once 
peripheral pelvic lymph node metastases 
occurred the prognosis was very poor. A less 
pessimistic view was contained in the reports 
of Bonney which indicated a 5 year survival 
of 22 per cent of 200 patients (i.e., 42 pa- 
tients) with pelvic node metastases following 
an extended Wertheim operation. In this 
series, however, details of the location of the 
nodal metastases are not indicated. 

Taussig, who resected pelvic lymph nodes 
in patients who had received radiation ther- 
apy to the cervix, found that 21 per cent of 
47 patients with histologically positive nodes 
survived 5 years. 

In a series of 23 patients with lesions classi- 
fied as stages I or II who were subjected to 
radical hysterectomy and pelvic node ex- 
cision 5 years previously, Meigs noted 6 
survivors (i.e., 26 per cent). 

A perusal of the literature reveals a pau- 
city of reports concerning results of the so- 
called Wertheim operation performed in the 
presence of metastatic pelvic nodes; in con- 
trast, much is said about the percentage of 
cases in which nodes were found positive, 
but, as stated, little is said about the results 
in these cases as a group. 

In the course of a surgical program for the 
treatment of cancer of the cervix now being 
pursued at the Memorial Center for Cancer 
and Allied Diseases since 1947, a number of 
instances were encountered in which there 
were metastases in the nodes at the periph- 


From the Memorial Center for Cancer & Allied Diseases, 
New York, 





ery of the pelvis without rectal or bladder 
invasion by the primary growth. In this 
series of patients the metastases were not 
detected upon pelvic examination, but were 
appreciated only at the time of laparotomy 
or upon completion of histologic study of 
the specimens. The purpose of this report is 
to indicate what was accomplished by radi- 
cal hysterectomy and pelvic node excision 
for these patients who had carcinoma of the 
cervix with lymph node metastases at the 
periphery of the pelvis. Patients who had 
only parametrial invasion, or metastases to 
parametrial nodes only, are not included in 
the study. The 56 patients would all be 
classified in stages I, II, III, or IV (2 cases) 
according to the International Classifica- 
tion, and in classes D, PRD, RD, Or SRD 
according to the Surgical and Pathologic 
Classification (Meigs and Brunschwig). 


RADICAL HYSTERECTOMY AND PELVIC 
LYMPH NODE EXCISION 


Radical hysterectomy with pelvic node 
excision is not easily performed and necessi- 
tates thorough dissection. One feature to be 
emphasized is the denudation of the roots of 
the sciatic nerve in the posterior lateral por- 
tions of the pelvis (Fig. 1). This procedure is 
carried out by division of the internal iliac or 
hypogastric artery and vein near their junc- 
tions with the external iliac vessels. ‘Traction 
forward on the distal segments of these di- 
vided vessels lifts off of the sciatic nerve roots 
the lymph nodes surrounding the vessels and 
the fatty tissues over the nerve roots. As 
these structures are pulled forward great 
care must be exercised to identify the gluteal 
branches of the hypogastric artery in order 
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TABLE I.—SUMMARY OF 56 PATIENTS WHO RECEIVED RADICAL HYSTERECTOMY AND PELVIC NODE Ex- 


CISION AND IN WHOM METASTATIC NODES WERE FOUND AT THE PERIPHERY OF THE PELVIS 


Patient 
Age, years 
Te Robinson 
56 
“ae Simps., I. 
45 
a Hansb. 
43 
Rs Landreth- 
Smith 
40 
Bais Nuzzo, L. 
63 
ee Mey,., B. 
45 
Wns Heggie 
32 
S.. Calabrese 
43 
Bs:3 Rummler 
35 
a0... Jones, E. 
48 
a Wilson 
47 
a2. Gori 
38 
13... @ieers 
45 
a4. Thrash 
39 
15... Ryan 
46 
16.... Cravat 
37 
17.... Wright, C. 
60 
18... Slavik, M. 
46 
19.... Morris, W. 
35 
20.... Moore, E. 
47 


Prev. Operation 
radiation date 

0 10-21-47 

Preop. 11- 6-47 
radiation 

Preop. 4-13-48 
radiation 

0 2-17-48 

0 5- 1-48 

0 5-13-48 

Yes 5-25-48 

0 6-12-48 

Preop. 6-18-48 
radiation 

0 8-17-48 

7,500 mgm. 8-26-48 


hrs. radium 
1 month before 


operation 
Preop. x-ray 9-18-48 
therapy; 
vaginal cones 
Radiation 9-30-48 
3 mos. before 
operat. 
elsewhere 
0 12-18-48 
4 mos. 
pregnant 
0 1- 8-49 
0 1-18-49 
0 2-15-49 
0 3-22-49 
0 5- 5-49 
0 5-26-49 


Pathologic report 

Epid. carc. of cervix invading both 
parametria, extending into uterus; 
metast. to left external iliac nodes 

Epid. carc. of cervix, invasion of right 
parametrium; metast. to right exter- 
nal iliac nodes 

Adenocarc. cervical canal; extensive 
metast. to many pelvic nodes 

Epid. carc. of cervix with diffuse lym- 
phatic permeation and vein invasion; 
metast. to left obturator nodes 


Fpid. carc. of cervix extending to both 
parametria, metast. to both external 
iliac nodes 

Epid. carc. of cervix extending into 
both parametria; metast. to right ex- 
ternal iliac node 

Epid. carc. of cervix metastatic to left 
external iliac chain of lymph nodes 

Epid. carc. stump; metast. to right ob- 
turator node 

Epid. carc. cervix with metast. to prac- 
tically all pelvic nodes 

Adenocarc. of cervix; metast. to right 
hypogastric nodes 

No residual tumor in cervix; metast. to 
left obturator and hypogastric nodes 


Epid. carc. of cervix with extension to 
both parametria, vagina, endocer- 
vix. Metast. to parametrial and left 
external iliac nodes 

Squamous carc. involving entire cervix 
and invading vaginal cuff. Metast. 
to left obturator nodes 


Epid. carc. of cervix in pregnant uterus 
with metast. to right obturator and 
external iliac nodes 

Squamous carc. cervix with extension 
to right parametrium. Metast. to 
right common iliac and left obtur- 
ator nodes 

Epid. carc. metast. to left common iliac 
node 


Epid. carc. of cervix with direct inva- 
sion of right parametrium and lower 
uterine segment, metast. to left para- 
metrial node and node at bifurcation 
of aorta 

Epid. carc. of cervix, extension into left 
perivesical tissue and metast. to left 
common iliac node 

Epid. carc. cervix with extension into 
vaginal wall, metast. to left external 
iliac node 

Epid. carc. of cervix, metast. to para- 

metrial nodes and at least one left ex- 

ternal iliac node 


Postop. 


radiation 


No 


No 


No 


No 


No 


No 


No 


No 


No 


Result 
Lived 5 yrs. without recur, 
Died 6% yrs. unknown 
cause 
Lived 1 yr. Died of recur- 
rences 


Lived 1 yr. Died of recur- 
rences 

Lived 6 mos. Ureteral fis- 
tula because of break- 
down of repair of acci- 
dental divis. at op. Died 
of carcinomatosis 

Lived 5 mos. Died of recur- 
rences 


Living and well 5 yrs. 


Lived 3 yrs. Died of recur- 
rences 

Living and well 5 yrs. Blad- 
der atony 

Died 1% mos. Pyelitis (?), 
rapid recurrence (?) 

Died of recurrences 4 mos. 
after operation 

Living 5 yrs., well 


Lived 1 yr. 2 mos. Died of 
recurrences 


Lived 1 yr. 3 mos. Died of 
recurrences 


Living and well 5 yrs.. after 
operation 


Lived 5 mos. Died of recur- 
rences 


Ureterovag. fistula, bladder 
atony, healed spontane- 
ously. Died 3 yrs. 8 mos. 
of recurrences 

Living and well 5 yrs. 


Living and well 5 yrs. 


Living and well 5 yrs. 


Lived 1 yr. 4 mos. Died of 
recurrences 
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Patient Prev. 
Age, years radiation 
Dixon, H. Preop. 

45 radiation 

ther. 
Nelson, H. 0 

40 
Ekback, L. 0 

49 
Viglucci 0 

68 
Carter, M. 0 

49 
Malanowski 0 

52 
Owen, B. Preop. x-ray 

44 therapy 
Stevens, E. —_Preop. x-ray 

59 therapy 


Feinberg, M. Total hyst. 


41 x-ray ther. 
elsewhere 

Cox, L. 0 

39 
Owens, F. 0 

58 
Morgan, R. 0 

35 
Gates, W. 0 

36 
Mason, H. Preop. 

37 radiation 
Mathews, A. B. 0 

52 


Herbac, F. Yes 
39 

Hoover, W. 0 
45 


Zervou, W. 0 
41 


Galmon 0 
47 


Conshick, D. 0 
58 


Perez 0 
44 


De Fil 
66 


Yes 


Operation 
date 


5-21-49 


7- 7-49 

9-13-49 

9-24-49 
ant. ex- 
entera- 
tion 


10-21-49 


12- 6-49 


8-11-49 


11-10-49 


12-23-49 


2- 9-50 


6-15-50 


7-14-50 


8-20-50 


8-25-50 


9-18-50 


10-17-50 
10-24-50 
10-26-50 


10-28-50 


11- 2-50 
(anterior 
exentera- 
tion) 

2- 9-50 


5— 2-50 


Pathologic report 

Radical vaginal excised stump showed 
radiation effects. Metast. epid. carc. 
to both extern. iliac and hypogastric 
nodes 

Epid. carc. cervix; metast. to both ex- 
ternal iliac nodes 

Epid. carc. of cervix; metast. to left hy- 
pogastric node 

Epid. care. of cervix extending into 
both parametria and metast. to ex- 
ternal iliac nodes bilat. (Had ant. ex- 
enteration but bladder not involved) 

Epid. carc..of cervix; metast. in node 
at bifurcation of aorta 

Squamous carc. of cervix with exten- 
sion to right parametrium; metast. 
to left external iliac nodes 

One minute focus of residual carc. in 
cervix; metast. right obturator node 

Epid. carc. of cervix; metast. to vagina 
and one right external iliac node 


Epid. carc. invading vaginal wall, peri- 
vaginal tissues and metast. to right 
external iliac nodes 

Epid. carc. of stump; multiple node 
metastases in left hypogastric group 


Epid. carc. of cervix; invasion of lym- 
phatics. Metast. squamous care. in 
2 left obturator nodes 

Epid. care. cervix; metast. in 1 right 
obturator node 

Epid. carc. cervix extending into vagi- 
na, parametria and 1 left external 
iliac node 

Epid. carc. cervix with metast. to right 
obturator nodes 

Mucinoadenocarce. of endocervix with 
extension to endometrium and myo- 
metrium, both parametria; metast. 
to left obturator nodes 

Epid. carc. cervix; metast. to node over 
promontory of sacrum 

Adenocarc. of stump; metast. to right 
obturator and external iliac nodes 

Mucus gland adenocarc. of cervix; me- 
tast. to right obturator nodes 

Epid. carc. of cervix with extensive in- 
vasion of myometrium; metast. to 
left external iliac and hypogastric 
nodes 


Epid. carc. of vagina, vulva, and cer- 
vix; metast. to right parametrial, ob- 
turator and hypogastric nodes 


Epid. carc. cervix, extension into left 
parametrium; metast. to left com- 
mon iliac node 

Epid. carc. of cervix; metast. to right 
hypogastric lymph nodes 
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Postop. 
radiation 


Yes 


_ Yes 


No 


No 


Yes 


No 


No 


Yes 


No 


Yes 


TABLE I.—SUMMARY OF 56 PATIENTS WHO RECEIVED RADICAL HYSTERECTOMY AND PELVIC NODE EX- 
CISION AND IN WHOM METASTATIC NODES WERE FOUND AT THE PERIPHERY OF THE PELVIS—Continued 


Result 
Living and well 5 yrs. 


Lived 3 yrs. 5 mos. Died of 
recurrences 

Lived 1 yr. 7 mos. Died of 
recurrences 


Lived 3 mos. (Cause of 


death?) 


Lived 3 yrs. 9 mos. Died of 
recurrences 

Lived 1 yr. 1 mo. Died of 
recurrences 


Living and well 5 yrs. 


Recur. in 2 yrs., had pelvic 
exenteration. Died of dis- 
ease 4 yrs. 5 mos. after 
initial operation 

Lived 1 yr. 5 mos. Died of 
recurrences 


Left ureteral fistula from 
ureter divided at operat. 
Lived 2 yrs. 7 mos. Died 
of recurrences 


Living and well 4 yrs. 4 mos. 


Living and well 4 yrs. 3 mos. 


Died of recurrences in 2 yrs. 


Lived 2 yrs. Died of recur- 
rences 
Lived 9 months. Died of 


recurrences 


Lived 5 mos. Died of recur- 
rences 


Lived 1 yr. 9 mos. Died of 
recurrences 


Lived 5 mos. Died of re- 
currences 


Living and well 4 yrs. 


Died 3rd postop. day. No 
necropsy. Cardiac fail- 
ure (?) 


Lived 1 yr. 4 mos. Died of 
recurrences 


Lived 1 yr. 3 mos. Died of 
recurrences 
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TABLE I.—SUMMARY OF 56 PATIENTS WHO RECEIVED RADICAL HYSTERECTOMY AND PELVIC NODE EX. 
CISION AND IN WHOM METASTATIC NODES WERE FOUND AT THE PERIPHERY OF THE PELVIS—Continued 


Patient Prev. Operation Postop. 
Age, years radiation date Pathologic report radiation Result 
“3.... eos, dD. Yes 9- 7-50 Epid. carc. of cervix, extension into Yes Lived 1 yr. 6 mos. Died of 
30 both parametria and both groups of recurrences 
obturator nodes 
44.... Famul Prev. 9-19-50 Epid. carc. vaginal vault with exten- No Lived 2 mos. Necropsy 
51 hyst. radiat. (total ex- sion into both parametria; metast. in showed liver metast. 
enteration) both groups of obturator nodes and 
left external iliac nodes 
45.... Quack 0 8- 2-51 Adenocarc. cervix; metast. in right Yes Living and well 3 yrs. 2 mos, 
16 common and external iliac nodes 
46.... George, F. 0 10-11-51 Epid. care. cervix, lymphatic permea- No Living and well 3 yrs. Blad- 
48 tion. Metast. carc. right obturator der atony 
node 
47. Dilemme 0 7-24-51 Epid. care. cervix; metast. carc. in Yes Living and well, 3 yrs. 3 mos. 
42 right obturator node and node at bi- 
furcation of aorta, also in left internal 
iliac node 
48.... Clerici 0 12- 7-51 Squam. carc. of cervix involving upper Yes Living and well, 3 yrs. 
54 vaginal walls and metast. in a right 
obturator node 
49.... Abrahamson Preop. x-ray 6-11-51 Epid. carc. of cervix, metast. in left and Yes Living and well, 3 yrs. 6 mos. 
46 ther. right external iliac nodes 
50... Derrel Tot. hyst., ra- 3- 9-51 Epid. care. vault of vagina; metast. No Living and well, 3 yrs. 9 mos. 
40 diation 1948 carc. in node at bifurcation of aorta Rt. ureter obstructed (fi- 
brosis?) 
51.... Mejia 0 12-14-51 Epid. care. cervix, invasion of both No Recurrences in pelvis 
$2 parametria and metast. to right hy- 4-15-54 
pogastric nodes 
52.... Whittic Subtot. hyst. 12- 6-51 Epid. carc. of cervix; metast. to right No Died recurrences, 6-9-54 
44 obturator nodes : 
53.... Thornton 0 12-28-51 Epid. carc. of cervix; metast. to left ex- Yes Lived 6% mos. Died of re- 
39 ternal iliac nodes currences 
54.... Sacco Preop. x-ray 1-12-51 Epid. carc. of cervix; extensive invasion No Lived 1 yr. 5 mos. Died of 
60 ther. of uterus and metast. in left obturator pulmonary metastasis 
nodes 
55.... Gallagher 0 5-25-51 Epid. carc. of cervix extending into No Vesicovag. fistula. Died of 
40 right parametria. Metast. in left recurrences, 8 mos. 
ovary and right common iliac nodes, 
perivaginal nodes and left perivesicu- 
lar fat 
56.... Tello 0 7-13-51 Epid. carc. of cervix with extension to No Living and well, 3 yrs. 3 
39 left parametria. Metast. carc. in 1 mos. 


right external iliac node 





to divide and ligate them individually as 
they course backward and downward out- 
side the sciatic notch and between the large 
trunks which combine to form the sciatic 
nerve. The thin walled gluteal veins likewise 
must be secured and ligated as they emerge 
from between the large sciatic nerve roots 
and join the large hypogastric vein. These 
branches are easily torn. If this occurs before 
hemostats are applied, they retract back- 
ward and deeply between the sciatic nerve 
roots and it is difficult to secure them. While 
attempts are made to apply hemostats to 


them much blood may be lost. Experience 
has taught that unless they can be clamped 
quickly, the best method to control hemor- 
rhage is by the forceful application of gauze 
packs soaked in hot saline solution. Pressure 
is exerted for a prolonged period until the 
hemorrhage is arrested, frequent changes of 
the hot packs being carried out as often as 
necessary. The engorged veins of the hypo- 
gastric plexus and about the sciatic nerves 
are the result of the presence of advanced 
cancer in the pelvis or of metastases in the 
hypogastric regions. In the absence of the 














atter, enlargement of the hypogastric veins 
isually does not obtain and the dissection is 
reatly facilitated. 

The pelvic node excision includes resec- 
on of the fatty tissues about the vessels as 
cll as the nodes. These tissues are removed 
iso systematically from about the common 
nd external iliac vessels; the obturator fos- 
ie, over the musculofascial pelvic floor, and 
1c posterolateral aspects of the bladder. 
he parametria and paravaginal fatty tis- 
ies are, of course, removed and the rectal 
lon below the reflexion of the cul-de-sac 
' Douglas is practically skeletonized. ‘The 
‘ritoneum of the cul-de-sac is removed in 
ontinuity with the upper posterior vagina 
nd cervix. 

The full description of the radical hyster- 
ctomy and pelvic lymph node excision as 
irried out by the author has been described 
eviously in detail] (2) (Fig. 2). 

In Table I, pertinent facts on 56 patients 

re summarized. In 2 instances exenteration 
perations were performed and pathologic 
iudy revealed that bladder or rectum was 
‘ot actually invaded, as was thought to be 
he case at operation, but that lymph node 
netastases were present at the periphery of 
the pelvis. There was 1 surgical mortality 
death within 30 days of operation), an 
incidence of 1.8 per cent, during an anterior 
pelvic exenteration. ‘There were 3 urinary 
iract fistulas, an incidence of 5.4 per cent. 

In Table II the location of the various 

lymph node metastases are reported. In any 
one patient, often only a single peripheral 
pelvic node metastasis was encountered, or 
more than a single focus of metastases was 
noted; rarely were there many lymph node 
metastases. It is obvious that the most fre- 
quent sites of peripheral pelvic node metas- 
tases were in the external iliac nodes, almost 
as frequently involved were the obturator 
nodes, less often the hypogastric groups. 
Yet, the latter involvement was frequent 
enough so that if they had not been sys- 
tematically removed, a number of patients 
would not have received the operation neces- 
sary to excise all of the peripheral pelvic 
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Fic. 1. Photograph made during a total pelvic exen- 
teration to illustrate the denudation of the sciatic nerve 
roots in the posterolateral portions of the pelvis. This step 
is an important integral part of the author’s technique in 
radical hysterectomy and pelvic node excision for cervi- 
cal cancer but cannot be as well photographed during 
this operation because of the presence of the pelvic colon. 
N, sciatic nerve roots; P, ligated stump of hypogastric 
vessels; V, ligated distal stump of hypogastric branches 
that will be dissected off sciatic nerve; O, obturator 
nerve; E, denuded external iliac nerve vessels. 


nodes. In a number of these 56 patients, but 
not in the majority, there also was para- 
metrial invasion. It is shown that metastases 
to nodes, which are embolic phenomena, 
occur more often before direct spread to the 
parametria takes place. Again, this observa- 
tion emphasizes the unreliability of simple 
pelvic examination which might show the 
disease limited to the cervix but affords no 
evidence whatsoever of metastases in the 
nodes at the periphery of the pelvis. The 
series of patients here reported is too small 
for an attempted correlation between sites 
of metastases and long survival. Suffice it to 
state that no one site is pathognomonic of a 
hopeless prognosis provided there is no 
extra pelvic spread. 

In Figure 3, the node metastases are 
plotted and it is apparent that the pattern of 
such spread is fan-like in all directions. This 
is a composite diagram based on findings in 
the whole series here reported. No 1 patient 





Fic. 2. Surgical specimen from radical panhysterec- 
tomy and pelvic lymph node excision showing in addi- 
tion to the uterus and upper two-thirds of the vagina, 
the pelvic lymph nodes, and fatty tissues removed by 
systematic dissection. In the upper central portion of the 
photographs there is a small segment of sigmoid colon 
resected because of radiation ulcer. This specimen is 
from a patient who had recurrent carcinoma of the 
cervix following radiation therapy. 


exhibited such profuse metastases. In almost 
every individual instance the number of 
nodal metastases was limited to 1 or few 
nodes. Each spot on the diagram indicates a 
site of metastasis and not the number of lymph 
nodes involved in that patient. Each line at 
the sides of the uterus denotes an instance of 
parametrial invasion. 

Table III summarizes the results. The 3 
year survivors number 24 of 56, an incidence 
of 43 per cent which becomes reduced to 31 


TABLE II.—SCHEMATIC SUMMARY OF PATHOLOGY 
REPORTS OF 56 PATIENTS SHOWING DISTRIBU- 
TION OF PERIPHERAL PELVIC NODE METASTASES 


No. of 
Location cases 
Nodes at bifurcation of aorta 5 
Right common iliac 3 
Right external iliac 13 
Right hypogastric S 
Right obturator 14 
Right parametrial invasion 16 
Left common iliac 3 
Left external iliac 15 
Left hypogastric 6 
Left obturator 9 
Left parametrial invasion 13 


The figures indicate the number of instances lymph node metastases 
were present in each location among the 56 patients. The exact number 
of individual node metastases is not indicated. 
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TABLE III.—SURVIVAL AFTER RADICAL HYSTERE«:- 
TOMY AND PELVIC NODE EXCISION IN PRESENCE 
OF METASTASES AT PERIPHERY OF PELVIS 





No. of Survivals__ _ 
Operation time patients No. Per cent 
3 or more yrs. 
PICvVIOURlY ... <6 sake 56 24 43 
4 or more yrs. 
previoully............ 44 12 27 
5 or more yrs. 
previously... 66.6605 29 2 31 


per cent after 5 years, i.e., 9 survivors of 29 
patients. 

Varying combinations of radiation ther- 
apy and surgery obtained in most of these 
patients. ‘This was not by special design but 
was due to a variety of circumstances. In 
Table IV the comparative results are sum- 
marized of patients who had received radia- 
tion therapy and those who had not received 
such treatment. From these data there is no 
suggestion that combined radiation and sur- 
gical treatment is superior to surgery alone, 
although the limited series precludes definite 
conclusions. However, in the series it ap- 
pears quite definitely that preoperative ra- 
diation was of no help. 

That radiation alone can cure patients 
with carcinoma of the cervix has been 
repeatedly demonstrated for many years. 
The important question is how often can 
this result be accomplished. There is evi- 
dence to indicate that small clumps of car- 
cinoma cells can be more easily eradicated 
by radiation than large masses of these cells. 
The question arises whether or not post- 
operative radiation is indicated after radical 
hysterectomy and pelvic node excision when 
positive nodes at the periphery of the pelvis 
have been encountered. In the series here 
presented it is impossible to secure evidence 
that complementary radiation was a deci- 
sive factor. On the other hand, as stated, pa- 
tients who have presented large neoplasms 
of the cervix and who have been cured by 
radiation alone afford unequivocal evidence 
that cancer of the cervix can be cured by 
virtue of the radiosensitivity of the neoplasm 
in question. Given a radiosensitive neo- 
plasm, radiation after radical hysterectomy 
and pelvic node excision for carcinoma of 

















rABLE IV.—COMPARISON OF RESULTS IN GROUPS 
OF COMBINED RADIATION AND SURGERY AND 
SURGERY ALONE (55 PATIENTS)* 


No. 3 yr. survival Per cent 

‘reoperative 

radiation.......- 10 y- 20 
ostoperative 

radiation........ 21 9 43 
reoperative and 

postoperative 

radiation........ 8 4 50 
otal of radiation 

plus surgery..... 39 15 38.4 
irgery only...... 16 9 56 


*| instance of surgical mortality excluded. 


he cervix metastasized to nodes at the pe- 
iphery of the pelvis would be a logical pro- 
edure in attempted control of small clumps 
i malignant cells that may have been left 
chind. In practice the advantages of post- 
‘perative radiation are difficult to evaluate. 
\adiation rarely controls manifested recur- 
ent cancer after radical surgery. On the 
ther hand, it may be pointed out that since 
adiation may destroy microscopic clumps 
cancer cells and is less able to destroy 
irge masses of such cells, the results in a 
‘iven case might have been different had 
he radiation been adequate and given 
hortly postoperatively when only minute 
‘seeds’ of the recurrences were present. 
Certainly if the neoplasms were highly 
radiosensitive the theoretic advantages for 
uch radiation could not be questioned, but 
how to estimate radiosensitivity before ra- 
diation therapy is given? 

Now that modern radical surgery has 
come into the field of therapy for cancer of 
the cervix many suggestions are made as to 
various modalities for the combination of 
surgery and radiation. Unfortunately, it 
requires many patients and the passage of 
years to formulate definite impressions. 
However, one thing is clear and that is that 
haphazard, conservative surgery, dubbed 
radical, has no place in this program. Ade- 
quate radiation is superior to inadequate 
surgery, and inadequate radiation will cause 
less immediate havoc than inadequate sur- 
gery. Before the employment of combina- 
tions of modern radical surgery and radia- 
lion are attempted, it is necessary to estab- 
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Fic. 3. Composite diagram showing sites of periph- 
eral pelvic lymph node metastases in 56 patients sub- 
jected to radical hysterectomy and pelvic lymph node 
excision for carcinoma of cervix. Each black spot indi- 
cates a site of metastasis and not the number of involved 
nodes in any one area. Each horizontal line at the sides 
of the uterus denotes 1 instance of parametrial invasion. 
Note the rather symmetrical pattern of lymph node 
metastases in the group of 56 patients taken as a whole. 


lish accurate base lines for the efficacy of 
modern radical surgery alone. The latter 
have not as yet been established. 

Because of inability to estimate by clinical 
examination alone the presence or absence 
of peripheral pelvic lymph node metastases 
from carcinoma of the cervix, no direct clin- 
ical evaluation of the incidence of control of 
lymph node metastases is possible in any 
significant series of patients treated only by 
radiation. At least, up to the present time, 
such an evaluation has not been made. 
Reasoning by analogy what the incidence of 
control of pelvic node metastases might be 
by radiation alone, on the basis of reported 
statistics concerning the incidence of node 
metastases found in so-called stages I and II 
in patients operated upon, is begging the 
question. 


SUMMARY 


A series of 56 patients subjected to radical 
hysterectomy and pelvic lymph node exci- 
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sion 3 or more years previously is presented, 
in whom pathologic study of the peripheral 
pelvic lymph nodes revealed the presence of 
metastases. Of these 56 patients, 24 sur- 
vived 3 or more years after the operation (43 
per cent). ‘Twenty-nine were operated upon 
5 years previously, and of these 9 were well 
at the end of the 5 year period, an incidence 
of 31 per cent. 

It is suggested that by radical hysterec- 
tomy and pelvic lymph node excision a not 
inconsequential number of patients may be 
salvaged for at least 5 years (31 per cent in 
this series). Because of the inability to detect 
peripheral pelvic node metastases by clini- 
cal (pelvic) examination, the efficacy of 
radiologic treatment in control of peripheral 





pelvic node metastases cannot be evaluated 
for comparison. This fact might be pre- 
sented as one argument favoring the radical 
operation as the best method of primary 
treatment for cancer of the cervix. . 
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THE REPAIR OF EXPERIMENTAL INTERVENTRICULAR 


SEPTAL DEFECTS, DURING HYPOTHERMIA, WITH 
\ MOLDED POLYVINYL SPONGE 


, JOHN LEWIS, M.D., F.A.C.S., and MANSUR TAUFIC, M.D., Minneapolis, Minnesota 


\ NUMBER OF INVESTIGATORS have demon- 
trated that it is possible during hypothermia 
0 operate within the open heart under di- 
rect vision by means of a relatively simple 
echnique. We have used this technique to 
epair atrial septal defects both experimen- 
ally and clinically (1, 2) and, we have 
hown that it may be used to make and re- 
yair experimental ventricular septal defects 
inder direct vision as well (4, 5). 

In our first experiments on the ventricular 
eptum the defects were repaired either with 
\itches or with a methyl-metycrylate, plas- 
ic device, held in position with a single 
\itch. Either method proved to be satisfac- 
ory for closing the holes we had made in the 
epta of dogs but we were not confident that 
hese methods would be suitable for repair- 
ng the congenital, high, ventricular, septal 
lefects which are found in man. These high 

clefects of the membranous septum present a 
number of anatomic hazards to repair. The 
upper edge of the defect is formed by the 
aortic valve cusps while the lower edge is a 
thick muscular wall which probably con- 
iains the conduction bundle (Fig. 1). In ad- 
clition, the tricuspid valve partially covers 
the defect on the right and the base of the 
mitral valve is near it on the left. 

In order to learn how best to close such a 
clefect the problem has been to create, in 
clogs, defects similar to the congenital defect 
and then to try to develop a simple and safe 
way of repairing them. As may be seen by 
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comparing Figure 2 with Figure 1, we have 
been able to make experimental defects in 
the position that is characteristic of congen- 
ital defects. ‘This report concerns a success- 
ful method for repairing such experimental 
defects with a molded, polyvinyl, plastic 
sponge. The molded sponge that has been 
used can be inserted rapidly and it is held 
in place by its own elasticity plus one fixa- 
tion suture. It causes little reaction and the 
ability of the heart, as well as other tissues, 
to tolerate the material, which has been 
demonstrated by others, has been confirmed 
by us. 


METHOD 


Each of the adult mongrel dogs used had 
two experimental operations, both through 
the right atrium—one to produce the defect 
and a second to close it. The defect was 
made in the high septum by inserting a plas- 
tic tube, described previously (4), through a 
stab wound, made just behind the septal 
leaflet of the tricuspid valve (Fig. 3). Such a 
wound entered the left ventricle just below 
and between the right and posterior cusps of 
the aortic valve (Fig. 2). In making such a 
defect no tissue was removed. At a second 
operation, also through the right atrium, 
after an interval of a week or so, the plastic 
tube was removed and the resulting defect 
was repaired by inserting the molded, plas- 
tic sponge and fixing it in place with one 
stitch. 

Technique of hypothermia. All of the opera- 
tions were done under hypothermia in a 
manner which we have described previously 
(1). After anesthetic induction with pento- 
thal, the animals were wrapped in refriger- 











Fic. 1. a, This photograph of a human ventricular 
septal defect from the right side illustrates its nearness 


ating blankets, cooled to —4 degrees C., 
and their body temperature was lowered to 
approximately 27 degrees C. Through a 
right thoracic incision the azygos vein was 
ligated and the superior and inferior venae 
cavae were isolated. Before the heart was 
opened, both cavae were occluded, and after 
a few beats, the aorta and pulmonary artery 
were also clamped. As the defect was closed 
with the sponge, the heart was flooded with 
saline to avoid introducing air into the left 
heart. The atrial wound was closed with a 
clamp and the circulation was resumed be- 
fore the final suture repair of the atriotomy 
wound. The average period of circulatory 
occlusion was 51% minutes. Rewarming was 
usually accomplished by placing the animal 
in a bath of hot water kept at 45 degrees C. 
though diathermy was used to warm a few. 

In order to study the healing process, ani- 
mals were sacrificed at various periods of 
time after the repair. 

Plastic sponge device. ‘The plastic device 
used to fill the defect was made of polyvinyl 
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to the septal leaflet of the tricuspid valve. b, Viewed 
from left side of heart. It is just below aortic valve. 


sponge (ivalon®) which had been com- 
pressed to the desired shape in a metal mold 
(Fig. 4). This shape became permanent after 
the mold and sponge were immersed in boil- 
ing water. Once polyvinyl sponge is heated 
to the boiling temperature of water it re- 
tains the form in which it is kept during cool- 
ing. In actual use the material was shaped 
and sterilized by the same boiling process. A 
piece of sponge was thoroughly washed and 
then trimmed to about twice its eventual 
size. Next it was fitted and clamped in the 
metal mold and the mold was then boiled 
for 30 minutes and cooled. Finally the sponge 
was removed, ready for use. Though a num- 
ber of designs were tried, the one illustrated 
in Figure 5 was found to be most suitable for 
this particular type of defect. It is spool 
shaped but slightly asymmetrical in that the 
flange which remains on the right side of the 
septum has one section of its edge raised. 
This raised edge fits against the reflected 
wall of the right ventricle and it is used to 
hold the fixation stitch. Both ends of the 























lic. 2. a, Experimental ventricular septal defect made 
in a dog heart with the plastic tube illustrated in Figure 
3, Note its resemblance to the human defect which is 


stitch were usually brought to the outside of 
the heart in the sulcus between the right 
atrium and the aorta and tied together 
there. ‘The molded sponge was always slight- 
ly larger than the defect so that it was held 
in position by its intrinsic elasticity. The 
steps employed in the insertion of the sponge 
are shown in Figure 6. 


RESULTS 


Of 15 dogs operated upon 13 survived. 
Operative complications (not fatal) in 3 
dogs consisted of ventricular fibrillation in 
1, coronary air embolism in 1, and heart 
block in 1. One of the 2 deaths occurred on 
the fourth postoperative day as a result of 
an open pneumothorax caused by a partial 
wound breakdown. The other death was 
due to asphyxia during the rewarming pe- 
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shown in Figure 1. b, The same experimental defect pho- 
tographed from the left side of the heart. Its location is 
that of the congenital human defect. 


riod caused by improper positioning of the 
intratracheal tube. The 1 dog that had 
spontaneous ventricular fibrillation and the 
dog in which fibrillation followed coronary 
air embolism were both successfully defibril- 
lated and they survived. Complete heart 
block occurred in 1 animal. It was still 
present when the animal was sacrificed on 
the first postoperative day. 

The appearance of the septum was gen- 
erally gratifying when the dogs were sacri- 
ficed at various periods of time after their 
defects had been repaired. In every case the 
defect was completely closed as the result 
of a healing process which advanced with no 
significant complications. Early, a few small 
thrombi formed on the raw edges of the de- 
fect but in no case were emboli evident. 
Soon after surgery the free parts of the pros- 
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Fic. 3. Experimental defects have been made by in- 
serting this plastic tube into a stab wound made in the 
septum. The threads hold it in position. 


thesis were covered with a thin organized 
layer of fibrin which acquired a surface of 
endothelium (Fig. 7). In time connective 
tissue began to invade the interstices of the 
sponge (Fig. 8) and finally the entire pros- 
thesis became part of a firm, fibrous, endo- 
thelial scar. During the entire healing proc- 
ess the sponge caused surprisingly little 
reaction. ‘There was only minimal inflam- 
mation detectable in the septal muscle near 


a 


Fic. 4. These drawings show how the sponge prosthesis 
for repair of ventricular septal defects was made. a, Here 
are shown the parts of the mold and the rough sponge. 


b 
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Fic. 5. Photograph of the molded sponge ready to he 
placed in the experimental defect. 


it and no obstruction or significant distor- 
tion of the nearby aortic valve. Some change 
often did occur in the tricuspid valve, how- 
ever, as may be seen in Figure 7a. Its medial 
leaflet was frequently adherent to the pros- 
thesis but this did not produce detectable 
tricuspid insufficiency or stenosis. 


DISCUSSION 


A considerable amount of less successful 
effort preceded development of the opera- 
tion described. In a previous publication 
(5) we called attention to the danger of mak- 
ing an 8 millimeter punch defect in the 
region between the right and posterior cusps 
of the aortic valve, that is, in the mem- 
branous septum. Complete heart block oc- 
curred in 7 of 13 dogs. Later we found that 
this danger could be decreased by making 
the punch defect lower in the septum or by 





Cc 


b, The sponge has been placed in the mold and the mold 
is held together with a C clamp. c, After boiling, the fin- 
ished sponge prosthesis is removed from the mold. 
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l'ic. 6. These drawings illustrate the repair of an ex- 
perimental defect with the molded sponge prosthesis. a, 
With the blood flow occluded the upper ventricular sep- 
tum is exposed through the right auricle. The plastic 
tube which was placed at an earlier operation is being 
removed with a screwdriver-like instrument. b, The 
sponge is held in a hemostat as it is about to be pushed 


making high defects with the plastic tube, 
which was described earlier (4) and also 
illustrated in this article. This tube could be 
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into the defect. The insert shows the position of the stitch 
in the sponge. c, The sponge prosthesis is in place and 
the two ends of the fixation stitch have been drawn 
through the heart wall with needles and tied outside the 
heart. d, Showing the manner in which the fixation 
stitch has been tied in the sulcus between the aorta and 
the right auricle. 


inserted without removing any septal tissue. 
Of these two experimental defects the high 
defect was the more desirable because it 
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Fic. 7. Appearance of the plastic sponge 3 months 
after it has been used to close a defect. a, Viewed from 


closely mimicked the human congenital de- 
fect. Yet, in order for this experimental de- 
fect to provide a satisfactory challenge to 
closure, a second operation was necessary, 
and we had encountered a high mortality 
rate if two stage procedures, both done 
through the right ventricle, were used. 
Seven of 12 dogs died. Therefore, when we 
hit upon the idea of using a molded plastic 
sponge, a definite improvement over the 
previously employed methyl-metacrylate 
plate, we decided to use a punch defect 
lower in the septum which was repaired at 
the same operation through the right ven- 
tricle. For these repairs a rather large sponge 
prosthesis was employed. 

Unfortunately, the mortality associated 
with this use of the plastic sponge was high. 
In a series of experiments which will not be 
reported here in detail only 10 of 34 dogs 


the right side of the septum. b, Viewed from the left side 
of the septum. 


survived. Ventricular fibrillation occurred 
in 15 animals, and though electrical defibril- 
lation was immediately successful in every 
case the fibrillation was often caused by, 
associated with, or resulted in other serious 
complications so that 10 of these 15 animals 
succumbed within the first 24 hours after 
surgery. 

In contrast to this experience, ventricular 
fibrillation has not been particularly dan- 
gerous if it occurred while doing open sur- 
gery on the atrial septum through an atrio- 
tomy (2). Many times during operations 
under hypothermia, fibrillation has been 
promptly reversible without apparent per- 
manent damage. This has usually been the 
case in operations performed through an 
atriotomy if air embolism and heart block 
were avoided, and if massage could be em- 
ployed without the danger of dislodging a 




















a 


Fic. 8. Microscopic appearance of the same sponge 
shown in Figure 7. a, Low power view. b, High power 


prosthesis or causing other damage to the 
repair. In fact, we have been so certain that 
uncomplicated ventricular fibrillation could 
be reversed that we have recently employed 
it intentionally for operations done through 
the open left atrium (3). It provides a quiet 
heart to work on and helps to reduce the 
danger of air embolism. Massage and an in- 
jection of adrenalin followed by serial elec- 
trical shocks have been the important ele- 
ments of successful defibrillation. 

In this first series of animals, in which the 
sponge was inserted through the right ven- 
tricle, there were a number of other compli- 
cations in addition to that of ventricular 
fibrillation. Respiratory trouble and _post- 
operative hemorrhage raised the mortality 
rate. But despite all these difficulties we 
were impressed by the satisfactory way in 
which the heart tolerated even the very 
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view showing how fibrous tissue has invaded the inter- 
stices of the sponge. 


large, ill fitting devices we started with, and 
we were pleased with the simple rapid way 
in which the sponge could be inserted. ‘This 
was enough, in our minds, to justify the per- 
sistency which resulted in the technique 
described. 

There are several points in the technique 
which we would like to emphasize. As men- 
tioned previously, the incidence of heart 
block was lowered when the high septal de- 
fects were created without resecting tissue. 
Ventricular fibrillation, too, occurred less 
often than it had in the earlier experiments, 
and this we attributed largely to the avoid- 
ance of ventficular trauma. A right atrio- 
tomy causes less injury than a ventriculotomy 
and it still provides excellent exposure of the 
upper septum—exposure at least as good as 
that offered by a ventriculotomy. Further- 
more, closure of an atriotomy is quicker 








than closure of a ventriculotomy for it can 
be accomplished easily with a clamp, allow- 
ing resumption of the circulation before the 
wall is sutured. As a further advantage, su- 
turing of the atrium need not be as painstak- 
ing as that of the ventricle because there is 
less danger of bleeding and no possibility of 
injuring the chordae tendineae or the papil- 
lary muscles. 

Another important point in technique, 
which has probably been effective in reduc- 
ing the incidence of ventricular fibrillation, 
concerns the method of keeping air from the 
systemic circulation. By partially flooding 
the heart before the sponge is inserted, it has 
been unnecessary to aspirate the left ven- 
tricle with a syringe and needle after closure. 
This final irritation was often instrumental 
in starting fibrillation during earlier experi- 
ments. Though with the present method the 
heart is flooded during preliminary insertion 
of the sponge, it can be evacuated quickly 
with suction to provide a dry field for ac- 
curate adjustment of the prosthesis and 
placement of the fixation suture. 

Attention to anatomic and technical de- 
tails has resulted in a successful experimental 
operation but it cannot be concluded that 
congenital defects may be repaired as satis- 
factorily by the same method. The experi- 
mental defect described here is more nearly 
like high human defects than others that 
have been used but it is not identical to 
them. It is located in the same position but 
its edge, as formed by the plastic tube, is of 
almost uniform thickness all around while 
the edge of the human defect is thin in one 
portion and thick in another. Moreover, the 
experimental defect does not have the im- 
pressive variability in size and shape which 
is characteristic of congenital defects. Sponge 
devices can, of course, be designed to fit 
openings of different size and configuration 
but all this may not be necessary. Certainly, 
it has been gratifying to witness the success 
Warden and associates have had recently in 
repairing human ventricular septal defects 


590 Surgery, Gynecology ¢ Obstetrics - May 1955 





by simply using interrupted silk stitches. A 
suture approximation, has in our experience, 
been satisfactory for the repair of atrial scp- 
tal defects (2), and despite our earlier fore- 
bodings, it may also prove to be the best 
method for the complicated defects of the 
ventricular septum. 

Still, even if the method described here 
does not turn out to be the best way of re- 
pairing defects in man, this work does prove 
that accurately placed, experimental defects 
in the ventricular septum can be made and 
repaired with hypothermia under direct vi- 
sion, and that a compressed piece of poly- 
vinyl sponge is well tolerated in this location. 
Such information may well find application 
in the new field of open intracardiac surgery. 


SUMMARY 


1. During hypothermia and under direct 
vision, defects have been made in the mem- 
branous portion of the ventricular septum 
with a plastic tube and closed at a second 
operation with a molded polyvinyl sponge 
device. 

2. Of 15 dogs subject to this experimental 
operation 13 survived. 

3. Connective tissue grew into the plastic 
sponge so that there resulted a firm scar 
covered with endothelium. There was little 
inflammation in the adjacent septum. 
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FEMORAL CONDYLES 


OSTEOCHONDRAL FRACTURE OF THE 


MARK B. COVENTRY, M.D., F.A.C.S., and ALEXANDER J. WALT, M.B., Ch.B., 


Rochester, Minnesota 


\. BLOW TO THE KNEE, usually with it par- 
tially flexed and with the blow directed to 
either femoral condyle, may result in an 
osteochondral fracture. The fracture in- 
volves the articular cartilage and usually a 
small subjacent particle of bone. One may 
assume that in children and adolescents the 
fracture fragment would be mostly cartilage, 
with little or no bone attached; in adults, the 
percentage of attached bone would be high- 
er. The fracture is in the nature of a chipped 
or gouged fragment, and in the 3 cases here 
reported the fragment was relatively small 
—about 2 centimeters in its greatest meas- 
urement. In 2 of the 3 cases the fracture re- 
sulted from an injury to the knee incident to 
an automobile accident, and in the third 
case a kick by a pony’s hoof was the cause. 
The broken fragment was found free in the 
joint as a loose body in 2 cases, while in 1 
case the fragment was loose in its bed but 
had not dropped out and become free. 
Osteochondral intra-articular fracture 
would seem to be a common type of injury, 
but there is a paucity of cases found in the 
literature. Krida, in 1924, reported 4 cases 
of osteochondral fracture of the medial 
femoral condyle following injury to this re- 
gion by a hard object. His patients were all 
operated upon rather late, after the initial 
traumatic reaction had subsided, but there 
seems little doubt that these are reports of 
true osteochondral fractures and not osteo- 
chondritis dissecans. Marottoli, in 1939, re- 
ported the occurrence of an osteochondral 
fracture in the medial femoral condyle. It 
was sustained 20 days before arthrotomy 
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when a 20 year old boy fell from a horse. 
The fragment was 3 centimeters in diam- 
eter, and included cartilage and underlying 
bone. Ritter, in 1940, in discussing a paper 
by Thorndike on injuries of the knee, pre- 
sented a patient who had an osteochondral 
fracture of the lateral femoral condyle pro- 
duced by a high-jump accident. Harmon, in 
1945, reported an osteochondral fracture of 
the lateral femoral condyle (as well as one of 
the patella in a second case). 

Osteochondral fractures of a portion of 
the patella may be more common than those 
of a femoral condyle; they may result from a 
direct blow, but usually from a twist or fall, 
causing a wrenching force on the patella 
with lateral displacement and a shearing 
action between it and the lateral femoral 
condyle. This mechanism was described by 
Phemister and Milgram. 

The diagnosis of osteochondral fracture of 
the femoral condyle is made by first obtain- 
ing a history of a direct blow to the knee by 
a hard object. Pain and joint effusion sub- 
sequently occur, and aspiration reveals 
bloody fluid. If enough bone is exposed, fat 
marrow droplets can be seen on top of the 
aspirated fluid. Roentgen examination re- 
veals a sliver or fleck of bone in the joint ex- 
cept when the fragment has not separated; 
it may then be seen lying on the surface of 
the condyle. The site of origin of the frag- 
ment can seldom be detected roentgeno- 
graphically as it is usually too small. Special 
views may be necessary to demonstrate an 
osteochondral fragment, and intercondylar- 
notch and tangential patellar projections 
may be helpful. If only cartilage is involved, 
no roentgen findings will be present. 
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Fic. 1. Case 1. Left knee 14 days after injury. a, Ante- 
roposterior view showing osseous shadow under the 
medial collateral ligament. b, Lateral view. Inset, Car- 
tilage surface of fracture fragment (upper view) and bony 
surface (lower view). 


Arthrotomy will reveal the loose fragment 
and the defect from which it came. The 
longer arthrotomy is delayed after injury, 
the less obvious the defect in the condyle. It 
fills in rapidly, probably within 6 to 8 weeks, 
with fibrocartilage. The loose fragment also 
becomes rounded off, and usually fixed to a 
fold of synovial tissue. 

The relationship of osteochondral frac- 
ture to osteochondritis dissecans becomes an 
obvious question. Phemister described it 
thoroughly, and we agree that while in some 
cases of osteochondritis dissecans a history of 
injury may be significant, most typical 
examples are due to another cause, probably 
local interruption of blood supply. In the 
cases reported in this paper there was no 
previous history of disturbance of the knee 
and in all of them exploration was per- 
formed while the reaction of the injury was 
still relatively acute. There seems to be no 
doubt about the cause (direct blow) and 
effect (osteochondral fracture) in these 3 
cases. 


REPORT OF CASES 


Case 1. A 23 year old woman was struck by the 
front bumper of a car while walking along the street. 
She was knocked to the ground. Examination at the 
hospital soon afterward revealed a painful left knee, 
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slightly swollen, but a full range of motion was po.- 
sible. There was no obvious injury of a ligament a)il 
anteroposterior and lateral roentgenograms were reid 
as negative. 

Two days after injury, examination at the Mayo 
Clinic disclosed a grade 2 effusion in the left knee and 
marked tenderness over the medial joint line. Theie 
was full extension, but flexion was limited to 90 de- 
grees. The presence of a torn meniscus was suspected, 
The patient was treated conservatively, but 14 days 
after the injury, when swelling and pain persisted, 
additional roentgenograms were made (Fig. 1a and 
b). These revealed a probable osteochondral fracture 
present medially on the anteroposterior view. Lateral, 
intercondylar-notch, and patellar tangential views 
were normal. The source of the chip could not be 
seen. Arthrotomy was advised. 

At operation 21 days after injury an excess of 
xanthochromic fluid was present. The synovial mem- 
brane appeared injected. The menisci were inspected 
and found intact. A piece of articular cartilage with an 
attached fragment of bone was found lying loose under 
the medial collateral ligament (Fig. 1b inset). The 
fragment appeared freshly fractured, the edges being 
still rough, and the bone was not covered with exu- 
date. The origin of the fragment was the anterior one- 
third and outer edge of the medial femoral condyle. 
The defect showed early filling in with fibrous tissue. 
It exactly matched the shape of the osteochondral 
fragment. 

The fragment was removed, the edges of the defect 
beveled with a knife, and the knee closed. An un- 
eventful convalescence ensued and the patient has had 
no further trouble with her knee. 

Case 2. A 14 year old girl was injured while a pas- 
senger in an automobile. The exact mode of injury 
was unknown, but she sustained a fractured mandible, 
a deep laceration of the left shoulder, and a severe in- 
jury to the right knee. She was examined at the- Mayo 
Clinic 15 days after injury. There was grade 2 effusion 
in the knee. Extension was complete, but flexion was 
limited to 30 degrees. Anteroposterior and lateral 
roentgenographic views showed a fracture of the 
medial condyle of the right femur with the fracture 
extending to the articular surface. Intercondylar and 
tangential patellar views were negative. A tiny loose 
fragment of bone was visible in the joint space in the 
intercondylar notch on the anteroposterior view (Fig. 
2). 

Arthrotomy was carried out 20 days after injury. 
The joint was found to be filled with old bloody fluid 
and some fibrin. It appeared normal otherwise except 
for a fracture defect visible in the medial femoral con- 
dyle (Fig. 3a). A fragment of cartilage and attached 
subchondral bone matching this area was present as a 
loose body in the intercondylar notch where it was 
lying free and where it was located only after a pro- 
longed search (Fig. 3b, c). It was removed, edges of 
defect beveled with a knife, and knee closed. 
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Vic. 2. Case 2. Right knee 15 days after automobile 
accident, a, Anteroposterior view showing a fragment of 
bone in the intercondylar space. b, Lateral view showing 
an oblique fracture line through the condyle. 

Fic. 3. Case 2. a, Operative view of the defect in the 
medial femoral condyle. b and c, Cartilage surface and 
the bony surface respectively of the loose fragment. 

Fic. 4. Case 3. Right knee 1 month after it was kicked 
by a pony. a, Anteroposterior view. b, Lateral view 
showing the defect on the anterior aspect of the right 
lateral femoral condyle. 


This patient has made an almost complete recovery. 
When she was last heard from there was still slight 
weakness of the quadriceps muscle. 

Case 3. A 56 year old man was kicked by a pony, 
receiving 3 sharp blows on the lateral aspect of the 
right knee, thigh, and shin. He heard a crack when his 
knee was kicked. The knee swelled, but he was able to 
get about with a crutch, and did not seek medical 
counsel for a month. Knee remained painful and 
swollen, but motion improved to 90 degrees’ flexion. 
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Fic. 5. 


Fic. 5. Case 3. a, Appearance of defect at time of opera- 
tion with loose fragment lifted free. b and c, Cartilage 
surface and bony surface respectively of the fracture 
fragment. 


Examination at the Mayo Clinic revealed limitation 
of the last 15 degrees of extension, and flexion to 90 
degrees. Grade 1 effusion was present. Roentgeno- 
grams showed a defect in the right lateral femoral 
condyle subjacent to the patella. No free osseous body 
was visible (Fig. 4). 

Arthrotomy was done 40 days after injury. The 
synovial membrane was mildly hypertrophic and in- 
jected. An excess of synovial fluid was present. The 
menisci were intact. In the area of the abnormality 
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shown on the roentgenogram there was a depressed, 
stellate fragment of cartilage about 1 centimeter in 
diameter lying very loosely in its bed. It was lifted out 
with a thumb forceps. There was no associated bleed- 
ing. The subchondral bone was still reddish and not 
covered with fibrous tissue. The edges were slightly 
jagged, but showed signs of rounding off (Fig. 5a). The 
site of fracture was not protected by the patella, as it 
appeared to be on the roentgenogram, and was 
exactly where the injury—and subsequent pain—had 
occurred. The fragment was removed (Fig. 5b and c). 
Convalescence was uneventful. 


SUMMARY 

Osteochondral fracture of the femoral con- 
dyles occurs from a direct blow to the un- 
protected knee. A chip of cartilage with its 
subjacent bone is broken off, and may lie 
free in the joint. It is thought that this injury 
occurs more commonly than is generally 
suspected. Diagnosis is made by a careful 


history, and by demonstration of the ostev- 
chondral fracture by roentgenography. 
Treatment consists of arthrotomy and exci- 
sion of the fragment. Single loose osteocar- 
tilaginous bodies in the knee joint may be 
the result of osteochondral fracture, as wel! 
as of osteochondritis dissecans. 
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PNEUMOPERITONEUM IN THE PREOPERATIVE 


PREPARATION FOR TOTAL GASTRECTOMY 


An Experimental Study 


BERNARD MAISEL, M.D., F.A.C.S., New York, New York 


[' HREE YEARS AGO, our early studies in dogs 
on the value of pneumoperitoneum employed 
prior to gastric resection were published (1) 
is well as a case report of its clinicai appli- 
cation (2). Subsequent studies have sub- 
stantiated our early expectations. 

The purpose of this article is to report our 
idded experience in the use of pneumo- 
peritoneum in dogs prior to total gastric 
resection. Further experience in the clinical 
application will soon be reported. 


PROCEDURE 


Fifty mongrel dogs were employed in this 
study. These animals varied in weight from 
25 to 50 pounds and varied in build from 
long sleek animals of obvious asthenic habitus 
to beagle type or pyknic habitus. Thirty of 
these dogs received a pneumoperitoneum 
prior to exploratory laparotomy, total gas- 
tric resection, and esophagojejunostomy. 
‘'wenty dogs comprised the control group. 
All dogs were explored under nembutal gen- 
eral anesthesia through a right subcostal in- 
cision; total gastric resection was performed 
and an esophagojejunostomy completed. 

The experimental dogs were divided into 
three groups. Group I, consisting of 5 mon- 
grel dogs, received a pneumoperitoneum 1 
or 2 days prior to exploratory laparotomy 
and total gastric resection. Group II, con- 
sisting of 4 dogs, received a pneumoperi- 
toneum 4 or 5 days prior to exploratory lapa- 
rotomy and total gastric resection and gas- 
trojejunostomy. In group III, consisting of 
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21 dogs, an initial pneumoperitoneum was 
produced, followed in 5 or 6 days by a refill 
pneumoperitoneum. The dogs in group III 
were all explored 9 to 12 days after the initial 
pneumoperitoneum. 

In the experimental groups I, II, and III, 
the pneumoperitoneum was carried out un- 
der local anesthesia in 26 of the 30 dogs. Four 
dogs were so difficult to handle that the local 
anesthesia had to be supplemented with an 
intravenous nembutal general anesthesia. 

With sterile technique, room air was in- 
troduced into the peritoneal cavity through 
a No. 19 gauge needle inserted into the ab- 
dominal wall of the left hypochondrium. A 
50 cubic centimeter syringe and a three-way 
stopcock were used for the procedure. While 
the needle was being inserted through the 
rectus muscle it was not difficult to ascertain 
when it had entered the peritoneal cavity. 
The first layer resisting the entrance of the 
needle is the anterior rectus sheath and the 
second is the posterior rectus sheath and the 
peritoneum. After passing this last layer the 
air was easily introduced into the peritoneal 
cavity. The amount of air required to dis- 
tend the peritoneal cavity varied directly 
with the size of the dog. The small dogs re- 
quired 500 to 1,000 cubic centimeters of air 
for the initial pneumoperitoneum. A similar 
amount was used in them for a refill. The 
larger dogs received 1,000 to 1,200 cubic 
centimeters for initial pneumoperitoneum 
and 1,200 to 1,500 cubic centimeters for a 
refill. The air was introduced until the ab- 
dominal wall was tense or ‘“‘drum tight.” 

Five dogs in group III had a barium study 
of the esophagus and stomach performed 2 





a 


Fic. 1. Ten days after the initial pneumoperitoneum 
and 5 days after the refill, barium introduced into the 
stomach and esophagus through a Levin tube demon- 
strates the visceroptosis of stomach and esophagus and 


days prior to exploratory laparotomy (Fig. 
la, b). All animals, both the experimental 
and control groups, were explored through 
a right subcostal incision extending from 
the left costal margin along the right costal 
margin. ‘They were placed on the operating 
table in the supine position with the head 
of the operating table elevated approxi- 
mately 12 inches above the foot. 

After the peritoneal cavity was entered, 
the position of the diaphragm and the posi- 
tion and mobility of the intra-abdominal seg- 
ment of the esophagus, the stomach, and of 
the duodenum were carefully noted in the 
control and in the experimental dogs. A to- 
tal gastric resection was carried out. The duo- 
denal stump was inverted with interrupted 
fine silk. A two layer fine silk esophagoje- 
junostomy was carried out in all animals. 
Five of the dogs in group III had a postop- 
erative barium study of the esophagojejunos- 
tomy 4 to 6 days following total gastric resec- 
tion (Fig. 3). Four of the experimental ani- 
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the elevated diaphragm. The roentgenograms were 
taken with the dog in the supine position with the head 
of the table elevated 12 inches above the foot. a, La- 
teral view; b, posteroanterior view. 





mals were maintained for 10 days following 
operation and then sacrificed and sections 
were taken of the esophagojejunostomy. No 
attempt was made to maintain the other 
dogs beyond the fourth postoperative day. 


RESULTS 


The pneumoperitoneum produced no ap- 
parent ill effects in any of the experimental 
dogs. It was administered without difficulty, 
generally under local anesthesia. The dis- 
tended peritoneal cavity did not obviously 
embarrass the cardiorespiratory system nor 
did the elevated diaphragm complicate the 
general anesthesia employed for the explora- 
tory laparotomy. 

The pneumoperitoneum produced three 
remarkable anatomic changes:.(1) The dia- 
phragm was elevated. (2) The abdominal 
wall was distended so that the peritoneal 
cavity was enlarged. (3) The subdiaphrag- 
matic viscera, including stomach, pancreas, 
and lobes of the liver and spleen dropped 


















Fic. 2. 


Fic. 2. A left lateral roentgenogram of the barium 
filled esophagus and stomach in a control dog taken with 
the head of the table elevated 12 inches above the foot 
demonstrates the esophagogastric junction (point A) 1 
centimeter below the diaphragm. 

Fig. 3. The barium studies made 10 days following total 
gastric resection and esophago-jejunostomy demonstrate 
the anastomosis at the diaphragm. The visceroptotic ef- 


below the costal margin (Fig. 1). These 
changes were present in all the dogs that re- 
ceived a pneumoperitoneum, but were espe- 
cially impressive in the dogs explored 12 
days after the initial pneumoperitoneum. 
Because this visceroptosis was especially strik- 
ing in the group III dogs, we concentrated 
our study on this group and made it the 
largest group. 

When the abdominal wall was entered in 
the experimental dogs through a right sub- 
costal incision, the peritoneal air escaped im- 
mediately. The abdominal wall relaxed. 
There was a striking visceroptosis of the 
stomach, spleen, and pancreas and of the 
lobes of the liver, and this effect was maxi- 
mum in the group III dogs. These organs 
lay below the costal margin, and the lobes 
of the liver were found hanging from a mark- 
edly stretched and thinned out triangular 
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Fic. 3. 


fect has disappeared. The esophagus has regained its 
tone and in contracting along its longitudinal axis has 
pulled the jejunum to the diaphragm. 


ligament and central tendon. A 2 centimeter 
segment of vena cava was exposed as it 
passed cephalad to the liver to enter the dia- 
phragm. The diaphragm, although relaxed, 
remained elevated as compared with the 
control dogs. Particularly striking in the 
group III dogs was the ease with which the 
stomach, duodenum, transverse colon, omen- 
tum, and spleen could be delivered simulta- 
neously into the wound. As might be expect- 
ed, the exposure of stomach, spleen, and 
lower end of the esophagus was particularly 
striking in the long lean dogs of a general 
asthenic type. However, the exposure of the 
lower end of the esophagus was achieved 
with ease in the dogs of the pyknic type. This 
visceroptotic effect seemed to be exemplified 
best in the group III dogs, that is, the dogs 
that had received a pneumoperitoneum and 
arefill. Ten to 12 days of pneumoperitoneum 
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seemed to achieve the most desirable degree 
of abdominal wall stretch, elevation of the 
diaphragm, and visceroptosis (Fig. 2). 

In the control group of dogs the stomach 
could be drawn into the wound with the 
spleen. However, en masse exposure of duo- 
denum, stomach, spleen, and lower end of 
the esophagus could only be achieved in 3 of 
the 20 dogs in the control group. These 3 
dogs were of asthenic conformity. They were 
of greyhound type. 

In the group III dogs the lower end of the 
esophagus could easily be exposed below the 
costal margin. This exposure was impressive 
even in the short, ‘““dumpy”’ mongrels of pyk- 
nic conformity. In the controls the lower end 
of the esophagus could not be delivered into 
the wound if the animal was of bulldog or 
beagle type of habitus. 

In the experimental group III the ease of 
exposure of stomach, duodenum, spleen, and 
lower end of the esophagus greatly facilitated 
the performance of the total gastrectomy and 
particularly facilitated performance of the 
esophagojejunostomy. The esophagojejunos- 
tomy was performed in the operative field 
below the costal margin without tugging and 
retracting on the costal margin. 


DISCUSSION 


During the past 3 years, we have repeat- 
edly attempted somehow to measure the de- 
gree of visceroptosis that occurred in the 
liver, stomach, spleen, and pancreas. How- 
ever, inasmuch as the diaphragms are ele- 
vated and all mesenteries are stretched, it is 
extremely difficult to establish anatomic 
landmarks in the upper abdomen that would 
permit the exact measurement of viscerop- 
tosis and of stretch of the mesenteries. ‘There- 
fore, it has been necessary to judge the effect 
of the pneumoperitoneum by clinical trial 
and accessibility of the abdominal viscera. 

Our éarly studies of the value of pneumo- 
peritoneum in the preparation of dogs for 
total gastric resection and gastrojejunostomy 
have, we believe, been substantiated. The 
pneumoperitoneum administered 10 to 12 
days before exploratory laparotomy pro- 


duced the necessary visceroptosis, elevation 
of the diaphragm, and stretch of the abdom- 
inal wall so that the small intestines are easily 
packed out of the operative field, the stom- 
ach, duodenum, spleen, and lower end of the 
esophagus can be delivered into the abdom- 
inal incision, even in animals of pyknic hab- 
itus. This exposure obviously makes the gas- 
tric resection and esophagojejunostomy a 
procedure that may be easily performed 
through an abdominal approach. 

The pneumoperitoneum was administered 
with ease and without complications. The 
presence of air distending the peritoneal cav- 
ity did not affect the general anesthesia. 

After the abdominal wall was entered and 
the air escaped, the effects of the pneumo- 
peritoneum did not immediately disappear, 
for the mesenteries supporting the viscera 
were elongated, the diaphragms stretched, 
and the peritoneal cavity was enlarged by 
stretching the abdominal wall structures. 


SUMMARY AND CONCLUSIONS 


Pneumoperitoneum administered 10 to 12 
days prior to exploratory laparotomy in dogs 
produced visceroptosis, a stretched and ele- 
vated diaphragm, and enlarged peritoneal 
cavity. These effects appreciably facilitated 
the performance of a total gastric resection 
and gastrojejunostomy since the duodenum, 
stomach and spleen, and lower end of the 
esophagus could easily be exposed through 
a right subcostal incision. The effect of 
pneumoperitoneum was striking in the bea- 
gle and bulldog type dogs for it enhanced 
exposure of the subdiaphragmatic viscera 
even in these short, ‘““dumpy”’ dogs. 

The pneumoperitoneum was administered 
without difficulty or ill effects and did not 
interfere with general anesthesia. 
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THE DEVELOPMENT OF ARTERIAL ANEURYSMS 


EMILE HOLMAN, M.D., F.A.C.S., San Francisco, California 


tHE SIGNIFICANCE OF SEGMENTAL STENOSIS 
\ND POSTSTENOTIC DILATATION 
\. CLEARER UNDERSTANDING of the aerody- 
namic principles which characterize jet 
-treams and turbulent air flow has culmi- 
nated recently in the harnessing by aero- 
nautical engineers of incredibly potent and 
icpendable forces, capable of sustaining in 
wilt flight remarkably heavy loads. Equally 
ependable and relentless hydrodynamic 
ces incident to jet streams and turbulence 
flow, infinitesimal though they be in com- 

irison, have recently been invoked (7, 8) 
o provide a satisfactory explanation for cer- 

‘in unusual phenomena encountered in the 
irculation of blood in man, many features 
of which still remain obscure. In a recent 
00k entitled Deformation and Flow in Biolog- 
cal Systems, A. Frey Wyssling states: ““The 
whole problem of the pressure-flow relation 
of blood needs much further investigation.” 
Starling, the eminent English physiologist, 
expressed the same thought when he wrote 
in his Principles of Human Physiology in 1936: 
‘The physical principles involved in the hy- 
drodynamics of the circulation are of great 
complexity, and are for the most part as yet 
unsolved.” In 1952 this was modified by Sir 
Charles Evans to read: ‘“The physical prin- 
ciples involved are of great complexity, and 
are for the most part as yet incapable of 
strict mathematical treatment. Neverthe- 
less, certain elementary principles of hydro- 
dynamics help towards a partial elucidation 
of the problems involved.” 

In the circulation of blood, there occurs 
occasionally a partial constriction in the 
stream diameter which is accompanied by 
a unique dilatation just distal to the site of 
narrowing. Enigmatically and paradoxical- 
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ly, this dilatation does not occur proximal 
to the obstruction, as one might expect, but 
distal to it. Conspicuous examples are the 
dilatation of the ascending aorta distal to a 
congenital subaortic stenosis, not infrequent- 
ly mistaken for an aneurysm (Fig. 1a); the 
dilatation distal to congenital stenosis of the 
pulmonic valve, which may also assume 
aneurysmal proportions (Fig. 1b); the fre- 
quent, though not invariable, dilatation. of 
the thoracic aorta beyond a congenital co- 
arctation (Fig. 1c); and the occasional aneu- 
rysmal dilatation of the subclavian artery 
just distal to its compression between the 
scalenus anticus muscle and an anomalous 
cervical rib (Fig. 1d). 

Experimentally, poststenotic dilatation 
can be produced almost at will, and, under 
certain circumstances, within a relatively 
short time. Three puppies of the same litter 
(HB 70, 71, and 72) were subjected to ste- 
nosis of the thoracic aorta by throwing a 
ligature about the vessel which did not im- 
mediately constrict it but which limited its 
diameter as the rest of the puppy grew to 
maturity. Dilatation distal to the ligation 
occurred in each instance and was well ad- 
vanced by the eighty-sixth day (Fig. 2). A 
stenosing ligature was applied to the tho- 
racic aorta of a 36 day old pup (HB 75). 
Within 6 months a remarkable dilatation 
beyond the ligature could be demonstrated 
which apparently by that time had become 
stationary as it did not increase in the next 
6 weeks (Fig. 3). 

The important relationship between 
height of arterial pressure and poststenotic 
dilatation was demonstrated in the following 
experiment. 


EXPERIMENT HB 71. On August 28, 8 months after 
the application of a nonconstricting ligature to the 
thoracic aorta, a thoracotomy revealed a marked 
poststenotic dilatation (Fig. 4a). A good thrill could 





Fic. 1. Poststenotic dilatation occurs characteristically: 
a, beyond a congenital subaortic; b, distal to a congenital 
stenosis of the pulmonary valve; c, beyond a coarctation 
of the aorta; d, distal to the attachment of the scalenus 
anticus to a cervical rib. 


be felt just distal to the stenosis. Two centimeters 
proximal to the stenosis the systolic pressure was found 
to be 144 millimeters of mercury; 2.5 centimeters dis- 
tal to the stenosis at site of maximum dilatation the 
systolic pressure was 122 millimeters of mercury. One 
cubic centimeter of 1:1000 adrenalin was given intra- 
venously. Within seconds the pulse rate was greatly 
accelerated, the blood pressure rose, and the aorta ex- 
panded remarkably. The poststenotic dilatation ex- 
panded relatively more than did the aorta (Fig. 4b). 
When the effect of the adrenalin had subsided, the 
blood pressure fell to 92 millimeters of mercury, and 
the aorta and poststenotic dilatation diminished great- 
ly in size (Fig. 4c). When the general blood pressure 
was reduced still further by the administration of 0.5 
cubic centimeter of histamine, the poststenotic dila- 
tation disappeared entirely (Fig. 4d). A second dose 
of 0.5 cubic centimeter of adrenalin promptly restored 
both the general blood pressure and poststenotic dila- 
tation (Fig. 4e). 


The following experiment illustrates that 
once a dilatation has occurred beyond a 
stenosis it will persist despite the absence of 
the hydrodynamic forces that produced it. 
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EXPERIMENT HB 76. On January 20, 1954, a liga- 
ture was placed around the thoracic aorta of this 23 
day old pup without constricting the lumen. An aorto- 
gram made on April 13 showed definite poststenoti: 
dilatation (Fig. 5a). On April 20 a completely oc- 
cluding ligature was applied at the site of previous 
constriction. An aortogram made on September 1, 41 
months later, showed persistence of the poststenotic 
dilatation as well as a marked increase in collateral 
circulation due to the complete ligation (Fig. 5b). 


This experiment has its clinical counter- 
part in the observation that the lumen at the 
site of a thoracic coarctation may be com- 
pletely occluded or narrowed to a mere mil- 
limeter in diameter and yet postcoarctation 
dilatation is present, having developed pre- 
viously during a period when a coarctation 
of larger diameter permitted greater flow 
through it. 

Experiments were also conducted in an 
artificial circulatory system which consisted 
of a pump whose stroke output could be 
made to vary from 1.7 to 9.7 cubic centi- 
meters and whose pulsations varied from 84 
to 120. The main conduit consisted of rigid 
plastic tubing with an internal diameter of 
0.6 centimeter. In the circuit was included 
a segment of elastic rubber tubing 90 centi- 
meters long whose wall had an average 
thickness of .033 centimeter and whose in- 
ternal diameter was 1.6 centimeters. T'wenty- 
five centimeters beyond the junction of the 
narrow rigid tubing with the larger elastic 
tubing, a second site of stenosis was pro- 
duced by a partial ligation which reduced 
the diameter of the tubing to about 0.75 
centimeter. Enough water was introduced 
into the system to distend the elastic tubing 
to a normal and uniform diameter through- 
out, without dilatation beyond either con- 
striction. The pump was set at 84 pulsations 
per minute with an output per stroke of 9.8 
cubic centimeters. 

After 21 hours of continuous pumping 
without the slightest evidence of poststenotic 
dilatation, there began to appear a mild dil- 
atation beyond the first constriction, with 
an even milder dilatation beyond the second 
constriction. At this point the pulsations 
were increased to 120 per minute. Ten more 














a 


Fic. 2. All 3 litter mates subjected to constriction of 
the thoracic aorta showed a poststenotic dilatation by 


hours of continuous pumping produced only 
slight increase in the dilatation beyond either 
site of constriction. Suddenly, however, after 
31 hours of continuous pumping there oc- 
curred a remarkable aneurysmal dilatation 
just beyond the first constriction. An outside 
diameter of 2 centimeters was increased to 
5 centimeters and the poststenotic dilatation 
was then 7 centimeters long. Moreover, the 
dilatation was now permanent. Previously 
the mild dilatation had subsided promptly 
when the pump was stopped. With the ap- 
pearance of the balloon-like dilatation be- 
yond the first constriction, the dilatation 
beyond the second constriction disappeared 
completely, it was assumed, because of the 
dissipation of pressure and the pooling of 
fluid in this excessively dilated segment. In 
another experiment, dilatation did not ap- 
pear until the rubber tubing had been sub- 
jected to a pulsatile flow for 90 hours. 

Of particular significance was the behav- 
ior and fate of a concentrated solution of 
methylene blue injected into the flowing 
stream. When injected well beyond the con- 
striction, the dye promptly disappeared 
without delay into the fast flowing distal 
stream. However, when the dye was injected 
proximal to the stenosis there was noted just 
distal to the constriction a definite delay in 
its progress down stream. It appeared to be 
involved in turbulent eddies before it hesi- 
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the eighty-sixth day after constriction. a, HB 70; b, 
HB 71; c, HB 72. 


tatingly resumed its forward flow. It was 
even seen to reverse its direction momen- 
tarily and to flow backward toward the ste- 
nosis. ‘The site of delay and of turbulence of 
flow was identical with the site of dilatation, 
as well as with the location of the palpable 
thrill and audible bruit. 

These experimental observations both in 
living animals and in the artificial circula- 
tory system, repeatedly made and consist- 
ently duplicated, demonstrate conclusively 
that poststenotic dilatation cannot be at- 
tributed to such biologic causes as disrup- 
tion of sympathetic nerves and vasomotor 
paralysis, nor to occlusion of the vasa vas- 
orum and localized impairment of circula- 
tion. They indicate, rather, that dilatation 





Fic. 3. Experiment HB 75. Aortograms show: a, 
marked poststenotic dilatation in a pup 6 months after 
application of a stenosing aortic ligature; b, no further 
dilatation in the 6 weeks after previous aortogram (a). 
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Fic. 4. Experiment HB 71: a, marked poststenotic 
dilatation 8 months following application of a stenosing 
ligature to thoracic aorta; b, great increase in dilatation 
due to increased blood pressure incident to administra- 
tion of 1 cubic centimeter of 1:1000 adrenalin; d, dilata- 
tion disappeared when blood pressure was decreased 
by administration of 0.5 cubic centimeter of histamine; 
e, reappearance of dilatation when blood pressure was 
partially restored by administration of 0.5 cubic centi- 
meter of adrenalin. 


results from the operation of certain hydro- 
dynamic principles that govern the pulsat- 
ing flow of blood through an expansile elas- 
tic tube: During diastole a momentary re- 
tardation in flow occurs which is accentu- 
ated just beyond a stenosis. During systole 
there emerges from the narrow stenotic 
channel a stream of blood at a greatly in- 
creased velocity as compared with the ve- 
locity in the broader channel either prox- 
imal or distal to the stenosis. Mathemati- 
cally, the velocity of flow, other factors re- 
maining the same, is inversely proportional 
to the square of the radius. Obviously, if a 
tube 18 millimeters in diameter is reduced 
abruptly for a short distance to a diameter 
of 6 millimeters, the velocity through the 
constriction is increased 9 times. Conversely, 
if a tube 6 millimeters in diameter is in- 
creased to a diameter of 18 millimeters, the 
velocity will be reduced abruptly to one- 
ninth its previous rate. In systole, therefore, 
the rapidly ejected, narrowed stream runs 
head on, as it were, into the more slowly 
flowing relatively stagnant and wider post- 
stenotic stream resulting in a sudden arrest 
in its forward flow. The conversion of the 
high kinetic energy of the swiftly moving 
stream into high potential energy or lateral 
pressure is the first factor in the develop- 
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ment of poststenotic dilatation. Secondly, 
the clash of two streams of differing veloci- 
ties produces eddies of turbulent and re- 
versed flow, accompanied by shocks or im- 
pacts of alternating high and low pressure 
which strike repeatedly and _ relentlessly 
against the elastic wall, resulting eventually 
in its distention. These impacts of alternat- 
ing high and low pressure also cause the ves- 
sel wall to vibrate, these vibrations being 
recognizable as a palpable thrill and an au- 
dible bruit. The site of conversion of high 
kinetic energy into high lateral pressure, the 
location of maximal clash of streams, the 
zone of greatest turbulence, and, therefore, 
also the site of greatest thrill and bruit, all 
coincide with the location of maximal dila- 
tation which usually lies 1 to 3 centimeters 
beyond the constriction depending upon the 
pressure and velocity of flow. 

A third factor concerned in the dilatation 
beyond a stenosis is the lowered velocity due 
to the widening of the stream diameter re- 
sulting from the operation of the first two 
factors. According to the Bernoulli principle, 
as described by Vennard, this lowered veloc- 
ity will of itself increase lateral pressure, 
thus providing for even greater dilatation. 
In a pulsating stream, the first two factors 
recur repeatedly with each systole and set 
the stage, as it were, for the third factor to 
act, also in repetitive manner. The inevita- 
ble result of these three recurring stresses in 
a pulsating stream operating in a localized 
segment of an elastic distensible vessel, is a 
vicious circle: greater lateral pressure— 
greater widening of the stream diameter— 
lessened velocity of flow—greater lateral 
pressure—greater widening of the stream 
diameter—lessened velocity of flow. 

Under certain conditions dilatation is in- 
sidiously progressive once these hydraulic 
forces are brought into play. Evidence sug- 
gests that there is a maximal degree of dila- 
tation for each set of conditions under which 
it occurs (Experiment HB 75), that dilata- 
tion varies in degree with the pressure and 
velocity with which blood is ejected from 
the stenotic channel, and that there is a crit- 














ical level of pressure and of velocity of flow 
below which dilatation does not occur (Ex- 
periment HB 71). The element of time is 
most important, dilatation appearing only 
after the hydrodynamic stresses have oper- 
ated for a prolonged period, 31 hours in one 
experiment and 90 hours in a second experi- 
ment. 

An obviously important factor determin- 
ng both the extent and rapidity of develop- 
nent of dilatation is the structural qualities 
/ the vessel wall with particular reference 
) its rigidity and distensibility. When the 
sistance to further dilatation inherent in 
1c structure of the vessel wall equals the 
vdrodynamic forces generated by the ste- 
osis, no further dilatation will occur. Mani- 
stly, also, dilatation will continue as long 
. the hydraulic forces produced by the ste- 
osis exceed the resistance to dilatation im- 
osed by the structural characteristics of the 

ssel wall. 

Other determining factors are the degree 

| stenosis, the compressibility or incompres- 
ibility of the tissues and structures surround- 
ng the vessel, the viscosity of the circulating 
‘luid, and the diameter of the vessel in rela- 
‘ion to the pressure and velocity of flow in it. 
lt appears that unless the lumen is reduced 
‘o one-third or one-fourth its original diam- 
‘ter by the stenosis, turbulence of flow will 
le minimal as disclosed by only a mild thrill 
ind bruit, and dilatation will be minor, or 
long delayed, or completely absent. More- 
over, greater dilatation will occur in the un- 
supported thoracic and abdominal vessels 
in contrast with a more limited dilatation 
in the muscle and fascia surrounded vessels 
of an extremity. 

Certain clinical observations confirm the 
ereat importance of height of pressure and 
of velocity of flow in the development of 
poststenotic dilatation. It occurs most prom- 
inently in the ascending aorta beyond a sub- 
aortic stenosis through which the left ven- 
tricle ejects blood under maximal pressure, 
at maximal velocity, in maximal mass, 
against a maximal peripheral resistance. It 
is somewhat less prominent beyond a steno- 
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Fic. 5. Experiment HB 72. a, Aortogram made April 
20, 1954, shows poststenotic dilatation that followed 
partial constriction of thoracic aorta on January 20, 
1954. b, Aortogram made September 1, 1954, shows 
persistence of dilatation despite complete ligation at site 
of stenosis 414 months previously. 


sis of the pulmonic valve through which the 
hypertrophied right ventricle ejects an equal- 
ly large mass of blood but under somewhat 
lower pressure. It is less prominent beyond 
a coarctation of the aorta since the pulsatile 
pressure here is less than in the ascending 
aorta, the distal peripheral resistance is less 
and the mass of blood forced through the 
coarctation has been reduced significantly 
by the escape of blood through the large 
branches of the aortic arch. Its very moder- 
ate development in the subclavian artery 
beyond a cervical rib is also related to the 
lower pressure in this smaller vessel with 
lessened peripheral resistance beyond it. Its 
absence beyond constrictions in smaller ves- 
sels is related to the lower pressure and lower 
velocity as one approaches the periphery, 
where the disparity between systolic and 
diastolic pressures gradually lessens, and 
where pulsatile flow changes gradually to a 
steady flow. Such observations link the oc- 
currence and degree of poststenotic dilata- 
tion very definitely with the height of sys- 
tolic pressure with which blood is thrust 
against a constriction, which in turn deter- 
mines the velocity of flow with which blood 
is ejected from the short stenotic channel. 
The greater this velocity, the more distantly 
distributed are the impacts of the swiftly 
flowing stream against the momentarily in- 
ert distal stream and, therefore, the more 
distantly effective are the shocks of altered 








Femoral a2. 


Profunda. a. 


(Cunningham) 


Fic. 6. Case 1. Operation disclosed a large plaque 
producing a stenosis in the arterial lumen just proximal 
to a fusiform aneurysm of the common femoral artery. 


lateral pressure against the vessel wall, re- 
sulting in a greater degree and length of 
dilatation. 

A supremely important factor involved in 
the dilating effect of these minute hydraulic 
stresses imposed upon a vessel wall by a 
stenosis in a pulsating stream is the intri- 
guing phenomenon of structural fatigue, 
long known for its peculiarly destructive 
qualities in the physical world of metals. 
Unevenly distributed in the zone of turbu- 
lent flow are alternating waves of high and 
low pressure resulting in impacts or shocks 
of high local stress against minute areas of 
the limiting vessel wall. These frequently re- 
peated, inexorably recurring, impacts of 
high stress against the vessel wall produce, 
in time, structural fatigue and distention of 
the yielding elastic wall. As the points of 
stress beyond the stenosis vary in position 
and in intensity from moment to moment 
and are diffusely distributed in diminishing 
degree throughout the zone of increased lat- 
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eral pressure, the points of strain and struc- 
tural fatigue are likewise diffusely distrib- 
uted in diminishing degree, resulting in « 
tapering dilatation of the vessel wall. 

The absence of dilatation proximal to th: 
constriction is dependent upon the concep: 
that the pressures here are evenly and uni- 
formly distributed against the limiting ves- 
sel wall, and as there is no arrest in the for. 
ward flow, there is no conversion of high 
kinetic energy into high lateral pressure. 
General pressure proximal to the stenosis 
may be higher than the pressure distal to 
it, but it is a relatively uniform level of pul- 
satile pressure, evenly distributed through- 
out and not subject to the rapidly oscillating 
variations of high and low pressure such as 
occur in the turbulent flow produced by the 
clash of streams distal to the stenosis. As a 
result of this uniform distribution of pres- 
sure proximal to the stenosis, uniform ex- 
pansion of the vessel occurs with each pul- 
sation. 

These clinical and experimental observa- 
tions carry wide implications. ‘They strongly 
suggest, for example, that the initiating fac- 
tor in the development of an aneurysm may 
be a stenosis of the arterial lumen imposed 
by a segmental atherosclerosis, or by a local- 
ized fibrosis, through which a narrowed 
stream flows with increased velocity into a 
still normally distensible and wider distal 
segment or into a segment weakened by 
disease, thus setting the stage for the play 
of the hydraulic forces so effective in pro- 
ducing a localized dilatation beyond a ste- 
nosis. Indeed, the following clinical exam- 
ples furnish significant corroboration of this 
assumption. 


Case 1. Patient C. B., aged 52 years, 16 months be- 
fore admission while lifting a heavy weight felt a mo- 
mentary burning sensation in the right femoral area. 
Subsequently, a small lump appeared which seemed 
to remain stationary until about 4 months before ad- 
mission when it began to increase slowly in size. 

Physical examination revealed a blood pressure of 
164-98 and a pulse rate of 88. Below the right inguinal 
ligament was a pulsating mass about 2 centimeters in 
diameter. The right popliteal artery was easily pal- 
pable but the pulses in the foot were absent. 























At operation on March 9, 1954 by Doctor Frank 
Gerbode the aneurysm was found to involve the com- 
mon femoral artery, to arise just below Poupart’s 
ligament and to extend downward for 4 to 5 centi- 
meters. Its wall was thin and arteriosclerotic. Just 
proximal to the aneurysm the femoral artery was 
narrowed by a thick arterial plaque which lay on the 

osterior surface (Fig. 6). The aneurysm extended 
‘0 within 1 centimeter of the bifurcation of the com- 
non femoral artery. It was excised and a child’s aorta 

as introduced as a homograft. A right lumbar sym- 
sathectomy was performed. Examination on the day 

{ dismissal showed excellent pulses in the foot. 


In a second patient operated upon for a 
spliteal aneurysm a definite ring-like nar- 
iw thickening lay just proximal to the fusi- 
xm aneurysmal dilatation that occupied 
e popliteal space (Fig. 7). 
The steps in the development of the aneu- 
sm of the common femoral artery in Case 
may be envisioned as follows: (1) gradual 
rrowing of the femoral artery by a thick- 
ed atherosclerotic plaque, (2) sudden in- 
‘ase in pressure and, therefore, in velocity 
flow through the narrowed artery while 
‘ing the heavy weight, (3) great augmen- 
‘ion of the hydrodynamic stresses in the 
iery just distal to its narrowing with sud- 
‘n bulging of the arterial wall at the site of 
‘catest stress, producing a momentary burn- 
ig pain, (4) prompt appearance of a small 
imp which remained relatively stationary 
| size for a time followed by gradual dila- 
ition of the thinned and thinning vessel 
all as it yielded to the poststenotic hydro- 
ynamic forces and to structural fatigue. 
Many observers have noted the appear- 
ance of aneurysms just beyond the creases of 
ihe body: in the groin just beyond compres- 
sion by the inguinal ligament and recurring 
iraumatization by flexion and extension; in 
the popliteal artery just back of the knee, 
where recurring flexion and extension may 
traumatize the vessel with the production 
of localized fibrosis or atherosclerosis, nar- 
rowing of the stream, and the unleashing 
of hydrodynamic stresses distal to the ste- 
nosis. 
The following experiments confirm the 
importance of a stenosis proximal to a weak- 
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Fic. 7. In a second case, operation revealed a definite 
fibrous ring producing a stenosis just proximal to a large 
popliteal aneurysm. 


ened wall in the development of an aneu- 
rysmal dilatation. 


EXPERIMENT HB 94. On June 8, 1954, the thoracic 
aorta of a 70 day old pup was constricted by a heavy 
ligature to about one-third its normal diameter—just 
sufficient to produce a palpable thrill beyond the 
stenosis. The anterior three-fourths of the aortic wall 
immediately beyond the stenosing ligature was then 
denuded of its adventitia and of the outer half of the 
media for 2 centimeters. There was slight bulging of 
the wall, and its thinness was apparent from the blue- 
black appearance through it of the flowing blood. 

EXPERIMENT HB 95. As a control procedure in a 
litter mate, an identical localized denudation of the 
anterior two-thirds of the wall of the thoracic aorta 
for 2 centimeters was effected, but the stenosing liga- 
ture proximal to the denuded segment was omitted. 

On July 6 the experimental pup HB 94 was found 
dead of pneumonia. The circulatory bed was injected 
with 17 per cent bismuth oxychloride at a pressure of 
120 millimeters of mercury (Fig. 8b). The control ani- 
mal HB 95 was killed on July 13, 1954, and the circu- 
latory bed was injected with bismuth oxychloride 
(Fig. 8a). 

Even in the short period of 4 weeks, greater aneu- 
rysmal dilatation had developed distal to the stenosis 
at the site of the thinned and weakened aortic wall in 
animal HB 95, than had occurred in animal HB 94 
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Fic. 8. Postmortem roentgenograms in 2 animals sub- 
jected to: a, denudation of the thoracic aorta by removal 
of adventitia and % of media for 24 of the diameter over 
a 2 centimeter segment; b, similar denudation but accom- 
panied also by a constricting ligature proximal to the 
denudation. The greater dilatation in b is attributed to 
the hydrodynamic stresses imposed by the stenosis. 


with a similarly weakened wall, but without a stenosis 
proximal to the weakened area. 

The potential dilating effects of these hy- 
drodynamic stresses produced by a real or 
relative stenosis deserve our genuine respect. 
They help to explain the destruction of bone 
and of surrounding structures that occasion- 
ally accompanies the development of a tho- 
racic aneurysm. ‘They explain most satisfac- 
torily the aneurysmal dilatation of the vein 
usually seen beyond an arteriovenous fistula 
where the arterial stream under high pres- 
sure and high velocity is ejected into the 
widened bed of the vein through a relatively 
narrow fistulous opening, simulating a ste- 
nosis (Fig. 9). Here the peripherally directed 
arterial stream clashes head on throughout 
the cardiac cycle against the returning ve- 
nous stream, producing a marked turbu- 
lence of flow, resulting in the continuous 
thrill and bruit so characteristic of an arteri- 
ovenous fistula. ‘The hydrodynamic forces 
unleashed distal to the relatively stenosed 
fistula invariably produce a fusiform dilata- 
tion of the vein, which is very slowly pro- 
gressive or may reach a maximal degree and 
then remain stationary, depending on con- 
ditions at the site of the fistula. 

The occasional aneurysmal dilatation of 
the pulmonary artery in the presence of a 
patent ductus may also be ascribed to the 





hydraulic forces liberated when the arterial 
stream under high pressure and high velocity 
is ejected from the narrow ductus into the 
pulmonary artery of less pressure and wider 
diameter, again with the production of tur- 
bulent flow throughout the cardiac cycle 
resulting in a continuous thrill and bruit. 

It is highly probable also that the sudden 
cerebral hemorrhage attributed to the rup- 
ture of a small aneurysmal dilatation or 
‘“‘berry’’ aneurysm of the cerebral vessels has 
its inception in a precipitate increase in the 
hydrodynamic stresses within the aneurysm 
which accompany the heightened pressure 
and increased velocity of flow incident to 
emotional stress or physical exertion. 

Likewise, sudden death from rupture of 
a thoracic or abdominal aneurysm may be 
ascribed to the great augmentation within 
the aneurysm of the hydrodynamic forces 
that accompany the heightened arterial pres- 
sure and increased velocity of flow incident 
to physical or emotional stress. 

These and other similar phenomena in 
the human vascular system may find their 
proper explanation in the application of 
hydrodynamic laws that govern the pulsa- 
tile flow of fluid through an elastic vessel 
subjected to real or relative narrowing by 
congenital abnormalities, by degenerative 
processes, or by accidental injuries. 

They give stern warning also of the need 
to employ in the vascular surgery of children 
methods of end-to-end anastomosis that per- 
mit growth at the site of union as the child 
grows, thus avoiding future stenosis. They 
illustrate also the necessity of applying meth- 
ods of suture in all vascular surgery that 
prevent or minimize the development of 
constriction at the site of anastomosis either 
by puckering at the time of operation, or by 
cicatricial circular contracture as healing 
progresses (6). 


THE SIGNIFICANCE OF LOCATION IN THE AR- 
TERIAL TREE 

Closely related in the general subject of 
aneurysmal dilatations are the two prob- 
lems of how and why they occur at certain 














sites in the circulatory bed. Kampmeier’s ar- 
resting studies reveal the following distribu- 
tion: Of 594 thoracic aneurysms, 214 were 
located in the ascending aorta, 203 in the 
transverse arch, 147 in the descending arch, 
ind 30 in the descending aorta. 

A startlingly similar distribution was re- 
orded by Boyd. In a larger series of 3,443 
horacic aneurysms, 1,675 occurred in the 
iscending aorta, 1,106 in the arch, 506 in 
ihe descending aorta, and 156 in the tho- 
icic aorta. Of equal interest is Kampmeier’s 

udy of a large series of consecutive patients 
ith aneurysms admitted to the Charity 
iospital in New Orleans: 1,038 of the ‘aneu- 

sms were located in the thoracic aorta; 
nly 95 in the abdominal aorta; 12 in the 
rotid artery; 10 in the innominate artery, 
in the subclavian artery, 2 in the iliac ar- 
ry, 2 in the pulmonary artery, and 1 in the 
nterior vertebral artery. 

Contributing to an understanding of the 
vvnificance of these data is the postulate 
-uggested by our studies on collateral circu- 
ition (5, 9) that at any given point in the vast 
nique network of branching elastic arter- 
es, the systolic pressure is just sufficient to 
vercome the resistance of the peripheral 
bed distal to it. Thus, the systolic thrust in 
the ascending aorta is great enough to over- 
come the resistance of the entire peripheral 
bed, whereas the arterial pressure in the ra- 
dial artery is only sufficient to overcome the 
peripheral resistance distal to it, and so on 
down to the smallest arteriole. The height 
of the systolic thrust to which a vessel is sub- 
jected is accurately reflected in the thickness 
of its wall. 

Also the greater the peripheral resistance 
distal to a particular site in the circulatory 
bed, the greater is the obstruction to each 
systolic thrust imposed by the more slowly 
flowing diastolic stream of the distal bed. 
Inevitably, therefore, the dilatation of a ves- 
sel incident to the increased lateral pressure 
of systole is commensurate with the periph- 
cral resistance beyond that point. Normally, 
the systolic thrust is propagated smoothly 
and uninterruptediy along the arterial 
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Fic. 9. An arteriovenous fistula is almost invariably 
accompanied by a fusiform dilatation of the vein just 
distal to the fistulous opening which transmits blood at 
high pressure and high velocity into the wider venous 
bed through the relatively stenotic opening, resulting in 
the production of hydrodynamic forces capable of caus- 
ing fusiform dilatation of the vein. These illustrative 
and highly instructive drawings were made years ago, 
before poststenotic dilatation was recognized or under- 
stood. a, above, Fistula of 10 years’ duration; b, below, 
fistula of 4 years’ duration. 


stream, but when the vessel wall is weakened 
by disease, the increase in lateral pressure 
recurring repeatedly and relentlessly with 
each systolic thrust, eventually produces 
structural fatigue and abnormal distention 
at the site of weakening. The agents most 
frequently responsible for producing such 
weakening of the wall are first, spirochetal 
invasion of the vessel which is said to be 
maximal in the thoracic portion of the vas- 
cular bed, and secondly, atheromatous de- 
generation, said to be preponderant in the 
abdominal aorta. 

In the production of aneurysms, great 
importance is assigned to suddenly increased 
intravascular tension resulting from precip- 
itate or violent physical exertion or emo- 
tional stress. Such increased tension will pro- 
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Fic. 10. Sudden augmentation of the hydrodynamic 
forces distal to a segmental stenosis in an arteriosclerotic 
vessel may result in the formation or accentuation of: a, 
a fusiform aneurysm; b, a sacculated aneurysm; or c, 
a dissecting aneurysm (see text). 


duce its greatest strain at the site of maximal 
systolic pressure against maximal peripheral 
resistance, namely in the ascending aorta. 
This is the site also most frequently weakened 
because of spirochetal invasion, and hence the 
site where a systolic bulge in the wall is most 
likely to occur. Once begun, this abnormal 
distention tends to increase in accelerating 
tempo and degree: the thinned vessel wall 
yields more readily to the lateral pressure 
of each systolic thrust and is weakened pro- 
gressively as greater dilatation and corre- 
spondingly greater thinning occur. As this 
localized dilatation develops, the smaller 
normal aorta proximal to the dilatation be- 
comes in comparison a relatively narrow 
vessel from which blood is ejected during 
systole at a greater velocity than the lower 
velocity in the dilated segment distal to it, 
thus bringing into play the hydrodynamic 
stresses produced by a clash of streams of 
differing velocities. ‘The potency of these 
hydraulic forces is greatly augmented by 
sudden increases in blood pressure and ve- 
locity of flow. Hence, unusual physical or 
emotional stress may subject the aortic wall, 
already weakened by abnormal distention, 
to a sudden increase in the play of greatly 


augmented hydraulic stresses resulting in a 
further ballooning out of the vessel wall in:o 
a sacculated or fusiform dilatation. The su:- 
denly increased strain imposed by these 
stresses may result in a tear in the altered 
and thinned media with the development of 
a dissecting aneurysm (Fig. 10). 

It is not just a coincidence that 70 per 
cent of Kampmeier’s thoracic aneurysms 
and 80 per cent of Boyd’s thoracic aneu- 
rysms were located in the ascending aorta 
and arch. Here the maximal systolic thrust 
against the maximal resistance of the distal 
peripheral bed combine to make the ascend- 
ing aorta and arch most vulnerable to the 
increased tension caused by physical exer- 
tion, or by an emotional surge, with partic- 
ularly disastrous results if part of the aortic 
wall in this area is weakened by syphilis or 
by atherosclerosis. In the descending tho- 
racic aorta where the distal peripheral re- 
sistance has been greatly diminished and 
where the systolic thrust with each heart 
beat is correspondingly diminished, the inci- 
dence of aneurysmal dilatation is greatly 
diminished as shown in both the Kampmeier 
and Boyd series. ‘The low incidence of aneu- 
rysms in the abdominal aorta as compared 
with thoracic aneurysms (95:1038 in Kamp- 
meier’s series) is explicable on the same 
basis, as is also the incidence in this series 
of only 30 aneurysms in the smaller periph- 
eral arteries. 

It is intriguing to speculate on the predi- 
lection for abdominal aneurysms to occur 
just below the renal arteries. Is there a rela- 
tive narrowing of the normal aorta just at 
or below the renal vessels? Is this a favorite 
site of atheromatous degeneration that re- 
sults in a segmentary thickening and rigidity 
of the aortic wall with complete destruction 
of its elasticity and with complete absence of 
dilatation in systole, whereas immediately 
distal to this rigid segment, the vessel re- 
tains its distensibility possibly even enhanced 
by disease of the wall? The emergence of a 
rapidly flowing stream from such a rigid 
segment into the more distensible and wid- 
ened distal segment may initiate a play of 
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hydraulic forces quite comparable with those 
unleashed distal to a true stenosis. Careful 
and detailed studies with accurate recording 
of the state of the abdominal aorta just 
proximal to an early aneurysmal dilatation 
may provide the necessary explanation. 


fHE BIOLOGIC IMPORTANCE OF STRUCTURAL 
f ATIGUE 

The concept of structural fatigue, long 
known to engineers in the realm of metals, 
has not heretofore been applied to biologic 
»henomena. A recent unique demonstration 

f the unexpected importance of structural 
itigue occurred in the catastrophic and 
nysterious blowing-up of 3 ultramodern 
british jet liners, each under similar circum- 
tances. In a test experiment, a liner was 
ubjected to constant, unrelenting, and rela- 
‘ively high cabin pressure as compared with 
hat of the rarefied atmosphere into which it 
isually ascended. At the end of 6 weeks the 
liner suddenly exploded, the victim of struc- 
iural fatigue in the metal of the pressurized 
cabin which simply got “‘tired’”? and gave 
way. 

The conditions which produce structural 
fatigue demand frequently and relentlessly 
recurring or constantly applied stresses and 
their resulting strains. According to Blair 
‘stress’ in the physical world denotes the 
force or forces to which a substance or fluid 
is subjected. “Strain” refers both to change 
in shape (figure) and to change in size (vol- 
ume) in response to this stress. There are 
various situations in the human body in 
which such stresses and resultant strains pro- 
vide cause for the development of structural 
fatigue of the particular tissues involved. Bio- 
logically, such situations differ from the 
structural fatigue of nonbiologic materials 
in that, concomitantly with stress, the proc- 
esses of repair and growth may, for a time at 
least, restore and reinforce tissues subjected 
to unusual strain. However, under condi- 
tions of frequently recurring or constant and 
unrelenting stress, the reparative and re- 
generative processes may finally fail, and 
structural fatigue will occur. 


The dilated and dilating heart that ac- 
companies a large arteriovenous fistula, un- 
associated with hypertension or kidney im- 
pairment, is a case in point. A large fistula 
(without fibrous deposits around it to pre- 
vent its dilatation) is accompanied by a 
gradually increasing volume of blood flow- 
ing through the shorter fistulous circuit in- 
cident to the lowered resistance at the site 
of the fistula. One of the compensatory ad- 
justments for the depressing effect of this 
decreased peripheral resistance upon gen- 
eral blood pressure is an increase in total 
blood volume. The result of these two fac- 
tors augmenting blood flow in the fistulous 
or parasitic circuit is a gradual and slowly 
developing dilatation of the circulatory bed 
through which the increased volume of blood 
flows, namely, all chambers of the heart, the 
artery proximal to the fistula, the fistula it- 
self, and the vein between the fistula and 
the heart. This may be termed an “‘adjust- 
ment” dilatation to an increased volume 
flow. For variable periods of time, 25 years 
or more in some instances, the four cham- 
bers of the heart continue slowly to dilate 
unaccompanied by symptoms, when sud- 
denly the overdistended heart is said to be- 
come decompensated with resulting failure. 
More accurately one might state that the 
slowly increasing volume of blood flowing 
through the heart, doubling, trebling, even 
quadrupling its output and work load, re- 
sults finally in structural fatigue of the car- 
diac muscle, followed by overdilatation, de- 
compensation, and cardiac failure. 

Similarly and simultaneously, the artery 
proximal to the fistula also slowly dilates in 
response to the stimulus of the increasing 
volume of blood flowing through it. Inter- 
ested physicians have long been puzzled as 
to why an artery dilates to double or even 
triple its original cross-section in the face of 
systolic and diastolic pressures which are 
lower than normal because of the reduced 
peripheral resistance imposed by the fistula. 
The answer may be found in the effect of 
the potent but minute and nonmeasurable 
stresses applied unrelentingly to the elastic 
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Fic. 11. Marked cardiac dilatation and hypertrophy 
follows the establishment of aorta-vena cava fistulas in 
growing pups: a, heart of control pup—weight 74 grams; 
h, heart of pup with aorta-vena cava fistula 12 milli- 
meters in circumference of 9 months’ duration—weight 
123 grams; c, heart of pup with an aorta-vena cava fis- 
tula 18 millimeters in circumference of 11 months’ dura- 
tion—weight 176 grams. 


vessel wall to point of structural fatigue and 
consequent dilatation by the slowly increas- 
ing volume of blood directed through the 
fistula. These stresses and resulting dilata- 
tion continue inexorably until interrupted 
by cardiac decompensation of the over- 
worked and fatigued heart, or until the fis- 
tula is eliminated by operation, or until the 
resistance to further dilatation inherent in 
the vessel wall or in the tissues surrounding 
it or in the fistula itself prevents any further 
increase in the volume of blood flowing 
through the fistulous circuit. 

An interesting phenomenon characterizes 
a large aorta-vena cava fistula produced in 
a young, growing pup in contrast with a 
similar fistula in the adult full-grown dog 
(4). In the former, the dilatation of the 
heart in response to the fistula is accom- 
panied by a remarkable hypertrophy of car- 
diac muscle (Fig. 11). In the adult dog, the 
enlargement of the heart is mainly due to 
dilatation with minimal hypertrophy. In the 
pup, the process of hypertrophy in response 
to the stress of dilatation postpones for a 
time the development of structural fatigue 
and overdistension, whereas, in the adult 
dog, structural fatigue, overdilatation, and 
decompensation may be a comparatively 


early complication. It may be postulate: 
that when the increasing work load upon 
the heart due to an increasing volume flow 
of blood through the fistulous circuit oui- 
strips hypertrophy—structural fatigue, over- 
distention, and decompensation occur. When 
the increasing work load is accompanied by 
a commensurate hypertrophy, as in a young 
growing animal, structural fatigue, overdis- 
tention, and decompensation may be long 
delayed. The greatly dilated and hyper- 
trophied hearts which accompany cardiac 
defects, abnormal shunts, and stenoses in in- 
fants may be the result of this same process of 
hypertrophy in response to stress and strain. 
Accompanying the gradually increasing 
work load on the heart imposed by the in- 
creased volume flow through its chambers, 
or by an increasing impedance to flow im- 
posed by a stenosis, is a concomitant pro- 
gressive muscular hypertrophy which en- 
ables the child with a congenital defect to 
reach an unexpected age before structural 
fatigue and overdilatation result in cardiac 
decompensation and invalidism or death. 

Cardiac decompensation and failure inci- 
dent to increasing hypertension may be 
ascribed to the appearance of structural 
fatigue in the musculature of an organ sub- 
jected for years to the stresses and strains of 
increased work imposed by a gradually in- 
creasing hypertension, accompanied by fre- 
quent accentuations in tension due to phys- 
ical and emotional outbursts. 

Frequently, at an operation for mitral 
stenosis, the surgeon is astonished that ex- 
istence has been at all possible with an aper- 
ture between auricle and ventricle only 3 
by 6 millimeters in size. Such a patient will 
relate that living had been fairly comfort- 
able though greatly restricted for a long 
time, even for years, when suddenly every- 
thing seemed to go wrong—with complete 
incapacitation due to dyspnea, an irritating 
cough, bloody sputum, peripheral edema, 
and an enlarged abdomen; the left auricle 
and right ventricle had finally and suddenly 
yielded to structural fatigue, followed by 
overdilatation, decompensation, and failure. 

















Other possible instances of structural fa- 
tigue in the human body may be cited. The 
aging person who still nimbly walks about, 
daily subjecting the femoral neck of his 
femur to the constant stress of supporting 
his weight, unrelieved by the now lagging 
forces of repair, suddenly finds himself pros- 
trate before a very minor stress: his femoral 
neck has yielded precipitately to structural 
fatigue, with a resulting fracture and irrep- 
arable damage. 

The muscular and fascial tissues which 
normally prevent a hernia may be subjected 
for years to the recurring stress and strain 
accompanying increased intra-abdominal 
tension caused by muscular effort, cough, 
urination, and defecation, when suddenly 
intra-abdominal contents are forced through 
tissues which have finally yielded to struc- 
tural fatigue. Similarly, the development of 
a pulsion diverticulum, or the slow molding 
of bony deformities incident to osteomalacia, 
to rickets, or to hyperparathyroidism, may 
be ascribed to the appearance of structural 
fatigue in tissues subjected to ever recurring 
stresses and resulting strains. 

In brief summary, the elemental, minute 
but effective, hydrodynamic forces gener- 
ated as the result ofa stream of blood flowing 
through a narrowed area in a vessel of larger 
diameter, and the stresses and consequent 
strains encountered in biologic processes of 
varied character, all capable of producing 
in time the phenomenon of structural 
fatigue, derive their potency from being 
inexorably recurring, or by being per- 
sistently and continuously applied. Imper- 
ceptible and infinitesimal though they be, 
these forces are as relentless as the stresses 
imposed on metals, and provide influences 
which, though not measurable by ordinary 
means, are nonetheless extraordinarily ef- 
fective in producing significant changes in 
growing and living tissues. It seems highly 
probable that in the development of the ani- 
mal and human species certain variants in 
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form and structure, when subjected to use, 
succumbed to structural fatigue and to re- 
sulting disorderly function. Such variations 
in structure being critically injurious to the 
organism were, therefore, through the proc- 
esses of natural selection, ultimately elimi- 
nated or not repeated. Moreover, the char- 
acteristic structures that finally survived as 
component parts of the developing organism 
owe their persistence to having successfully 
avoided in the stress and strain of existence 
structural fatigue and the resulting failure 
in function. In the evolution of the species 
structural fatigue must be accorded an im- 
portant influence ia shaping the final form 
and structure worthy and capable of sur- 
vival. In the constant struggle to unravel 
the mysteries of human development, these 
forces and influences excite attention and 
command respect. They belong to the im- 
mutable and fundamental laws of nature. 
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THE MECHANICS OF PARENCHYMATOUS EMBOLISM 


LEONARD F. PELTIER, M.D., Ph.D., Minneapolis, Minnesota 


THE PROcEss by which groups of cells or their 
contents gain entrance to the blood stream or 
lymphatic system is of fundamental impor- 
tance. When the progress of these tissue 
aggregates, borne upon the current of flow- 
ing blood or lymph, is arrested by a narrow- 
ing of the vessels, occlusion occurs, and em- 
boli are formed. Examples of the lethal effects 
of this process can be found among a diverse 
group; patients with malignant disease, vic- 
tims of traffic accidents, and mothers at 
parturition. 

Tissue sections reveal only the end result. 
Little is known about how these tissue aggre- 
gates gain entrance into the vascular system. 
Tumor emboli accompanying malignant 
growth are commonly associated with the 
invasion of the vessels adjacent to the tumor. 
Here, the vessel wall is penetrated by the 
invasive growth of the tumor. This is not 
uniformly the case, however, and widespread 
metastases, arising from tumor emboli, can 
occur in association with tumors about which 
no vessel invasion can be demonstrated. 
Therefore, it appears likely that other alter- 
native mechanisms may occur which will 
explain some cases of tumor embolism. The 
traumatic lipemia associated with fractures 
and resulting in fat embolism has been 
attributed by some to a systemic disturbance 
of fat metabolism occurring intravascularly, 
and therefore requiring no explanation in 
this regard. This view is of little help in ex- 
plaining those cases of fat embolism which 
occur in patients dying of their injuries with- 
in a few minutes or hours of their accident 
and in whom time is lacking for a profound 
disturbance in fat metabolism to occur. Here 
too, it seems as though an alternate mecha- 
nism is not only possible, but highly probable. 


From the Department of Surgery, Division of Orthopedic 
Surgery, The Medical School, University of Minnesota, Minne- 
apolis. 


When blood or lymph passes through a 
rent in the vessel into the tissue, there is said 
to be an extravasation into the tissue. It has 
been suggested that the reverse of this phe- 
nomenon, that is, the passage of tissue frag- 
ments or cellular contents from the paren- 
chyma into the vascular system, be referred 
to as intravasation. This is the initial phase 
in many forms of parenchymatous embolism 
and for a real understanding of this active 
process we must consider the forces influ- 
encing the tissue at the time the tissue aggre- 
gates enter the circulation; in other words, 
its dynamic pathology. It is the purpose of 
this paper to discuss the intravasation of 
tissue elements resulting in parenchymatous 
embolism and to show that the physical 
forces acting upon the local site of intravasa- 
tion can be equated with the dynamic path- 
ologic changes accompanying human dis- 
ease. It should not be assumed that the 
hypothesis to be supported here is the exclu- 
sive mechanism for parenchymatous embo- 
lism, but it may well be the most important. 

In 1950, Young and Griffith (18) de- 
scribed experiments with an ingenious hy- 
drostatic model in which they were able to 
produce phenomena closely resembling the 
intravasation of parenchymatous emboli. At 
the same time Young, Lumsden, and Stalker 
(19) presented the results of an investigation 
of the tissue pressure of normal and neoplas- 
tic tissue in the rabbit. Although the particu- 
lar interest of these investigators lay in the 
study of the dissemination of malignant tu- 
mors, they believed that the mechanics of 
parenchymatous embolism epitomized in 
their model could occur in normal as well as 
neoplastic tissue. The model of Young and 
Griffith is based upon the interrelationship 
of three pressures: the pressure surrounding 
a tube within a circumscribed rigid contain- 
er, the pressure of fluid flowing into the con- 
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Fic. 1. 


tainer, and the pressure of fluid flowing out 
of the container. These pressures correspond 
to the pressures: (1) in the extravascular 
space, that is, the tissue pressure, (2) at the 
arterial end of the capillary, and (3) at the 
venous end of the capillary. 

In Figure 1, the pressure within the vessel 
is greater throughout its length than the 
extravascular pressure. The vessel is fully 
expanded. If a rupture occurs in its wall, 
fluid from within escapes into the extravas- 
cular space, in other words, extravasation. 

When the extravascular pressure exceeds 
the pressure within the vessel at the point of 
inflow (Fig. 2) the vessel collapses completely 
with cessation of flow. 

A more complex situation is shown in 
Figure 3. Here, the pressure at the point of 
inflow is higher than the extravascular pres- 
sure; at the point of outflow, it is less than 
the extravascular pressure. As a result, at one 
instant, while the vessel at its proximal end 
is expanded, at its distal end it is collapsed. 
When flow through the vessel ceases, the 
pressure in the segment proximal to the col- 
lapse is equalized (Pascal’s law), becoming 
greater than the extravascular pressure and 
expanding the collapsed segment. Flow be- 
gins; the pressure in the distal portion of the 
vessel drops below the extravascular pres- 
sure; the vessel] collapses. The result is a con- 
tinuous rhythmical pulsation of the vessel. 
The frequency of this pulsation depends 
upon many factors: the difference in pressure 
between the proximal and distal segments, 
the elasticity of the vessel wall, the viscosity 
of the circulating fluid, and the viscosity of 
the extravascular fluid, to mention but a 
few. In order for the phenomenon to occur 
at all, the extravascular pressure must lie 


Fic. 2. 


Fic. 3. 


between the pressures in the vessel at the 
points of inflow and outflow. It should be 
noted that during the pulsation of the tube 
it may not actually close completely. Also it 
is worth pointing out that the pulsation im- 
parts a milking motion to the tube which 
serves to move particulate matter along easi- 
ly. A partial rupture of the tube in its proxi- 
mal segment is followed by extravasation of 
fluid. However, in its more distal segment 
where pulsation is most apparent, a partial 
rupture of the tube is associated with vari- 
ation in the intravascular pressure so that 
at one instant extravasation occurs while at 
another intravasation is going on. Intrava- 
sation never occurs alone; there is always 
some extravasation accompanying it. Extra- 
vasation, however, can occur alone. 

The pressure differentials at which all of 
these phenomena take place in the model 
are within the range of pressures found under 
physiologic conditions in the living tissues. 
That these pressures can change abruptly 
and over a large range in living patients has 
been emphasized by Batson. Nicoll and 
Webb have observed vasomotion in the 
capillaries which correspond exactly with 
those seen in the model. Similar observations 
have been recorded by Chambers and Zwei- 
fach who attributed the vasomotion to vari- 
ations in the capillary and tissue pressures. 

Young and Griffith concluded: (1) that all 
living animal tissues, consisting as they do of 
vascular tubes invested by a semisolid medi- 
um, exemplify a differential pressure system 
of which their hydrostatic model is an ac- 
curate representation, and (2) that the for- 
mation of parenchymatous emboli is prob- 
ably determined by a shift of the differential 
pressure so that the extravascular pressure 
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rises above the intravascular. Anyone who 
will take the trouble to repeat their brilliant 
experiments will concur. 

In order for the intravasation of parenchy- 
matous aggregates to occur the parenchyma 
must be disrupted so that tissue fragments 
can be easily broken off or are completely 
separated from the tissue mass. The local 
vascular bed must contain vessels which are 
wholly or partially ruptured. And finally, 
there must be an increase in the local tissue 
pressure or a drop in the intravascular pres- 
sure; that is, a disturbance in the hydraulic 
equilibrium. 

Since embolization requires the fragmen- 
tation of the parenchyma, it should follow 
that the most fragile tissues are the most 
frequently embolic, which is generally true. 
When the bone is badly damaged, it is the fat 
and bone marrow, not the osseous tissue itself, 
which are fragmented and enter the blood 
stream. The fragmentation of normal tissues 
requires considerable force and is always asso- 
ciated with gross trauma. When the cohesive 
forces acting between the cells are reduced, 
the disruption of the tissue is made easier, ac- 
counting for the fact that fragmentation can 
occur within a malignant tumor as a result 
of very minor degrees of trauma. Trauma 
sufficient to disrupt the tissue matrix is the 
first step toward parenchymatous embo- 
lism. 

The size of these tissue aggregates is not 
inconsiderable. Willis estimates the average 
size of tumor emboli reaching the lung to 
range from 100 to 200 micra. Other paren- 
chymatous emboli correspond in size. These 
estimates are based upon measurements of 
the diameters of the occluded vessels in the 
lung. Tissue fragments of this size cannot 
intravasate into capillaries. The vascular 
spaces which receive them must be of corre- 
sponding caliber. Therefore, intravasation 
always occurs in areas of augmented or un- 
usual vascularity. 

Fat embolism occurs in association with 
the fracture hematoma, formed by the rup- 
ture of vessels of generous proportions. In the 
uterus at term, the placental circulation has 


produced a tremendous expansion of the 
local vascular bed. A similar, although less 
extensive, increase in the local circulation 
accompanies inflammation. The normal vas- 
cular network of some tissues, such as the 
liver and bone marrow, is more than ade- 
quate to permit parenchymatous intravasa- 
tion, especially after trauma has resulted in 
the formation of a hematoma by extravasa- 
tion of blood. The vascular supply of malig- 
nant tumors is derived from the host and is 
often deficient in quality. This feature is most 
prominent in rapidly growing tumors. Such 
deficiencies predispose these vessels to rup- 
ture with minimal injuries, with the forma- 
tion again of small hematomas. 

The hydraulic system of the human body 
as a whole is remarkably efficient in pre- 
serving the status quo. There can be large 
changes in volumes of body fluids, intra- 
vascular and extravascular, without notice- 
able impairment of function, and this is due 
in part to the expansibility of the fluid reser- 
voirs in the soft tissue. The hydraulic equili- 
brium in certain tissues is not as flexible. For 
example, if the inflow of blood to one lung 
should exceed the outflow for a short time, the 
excess in volume of blood can be compensat- 
ed for by a reduction of the air space in the 
lung. However, the inflow of blood in the nu- 
trient artery of the tibia cannot exceed the 
outflow of blood through the nutrient vein 
since in the rigid confines of the mar- 
row cavity there are no opportunities for 
either expanding the vascular bed or dis- 
placing other elements in the closed space. 
Interference with outflow of blood results 
in an immediate rise in the intramedullary 
pressure. To a greater or lesser degree, the 
same situation exists in organs enclosed in 
a rigid capsule or with a contractile muscu- 
lar coat. The hydraulic equilibrium within 
these tissues and organs is particularly sen- 
sitive to changes in blood flow, which are 
reflected by abrupt changes’ in the local 
tissue pressure. It is in these tissues in which 
the hydraulic equilibrium is most sensitively 
balanced that intravasation of tissue aggre- 
gates most frequently occurs. 
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Emboli of normal tissue fragments occur 
following trauma of sufficient magnitude to 
disrupt the parenchyma. Considerable force 
is required. In the liver and brain the 
hepatic veins and the large venous sinuses 
provide avenues of egress to the lungs. The 
syncytial character of the vascular spaces of 
red bone marrow is peculiarly adapted for 
permitting the embolization of tissue frag- 
ments. The third and most important com- 
mon denominator in the embolization of 
normal tissue is the rigidity of the calvarium, 
the bony cortex, and the liver capsule. In 
such closed spaces the hydraulic equili- 
brium is easily upset, variations in the local 
tissue pressure and the intravascular pres- 
sures occur readily and promote intravasa- 
tion of tissue fragments into the vessels. 

Emboli of normal tissue fragments are 
quite unusual. Masses of liver cells have 
been found occluding arterioles of the lung 
in patients dying from tearing, crushing, 
and puncture wounds of the liver. In 1898, 
Maximow was able to produce liver emboli 
in rabbits by puncturing and crushing the 
liver. Bone marrow emboli, consisting of 
clumps of hematopoietic cells, have been 
found in the lungs of about 5 per cent of pa- 
tients who died following recent fractures. 
Patients with malignant primary bone tu- 
mors in whom pathologic fracture occurred 
were noted to have a very poor prognosis. 
This fact was undoubtedly due to the dis- 
semination of tumor emboli in the same 
manner as bone marrow emboli. Small frag- 
ments of brain tissue are rarely found in the 
lung arterioles. In such cases there is al- 
ways a severe injury with crushing of a por- 
tion of the brain and laceration of one of the 
large venous sinuses. 

It is fortunate that Ide, Harvey, and 
Warren have given us such an excellent 
description of the process of tumor emboli- 
zation. It tallies exactly with the events of 
tumor embolism postulated by Young and 
Griffith (18) after observing their model. 
Working with the Brown-Pearce tumor, im- 
plants were made into the ear of rabbits 
and watched through a transparent window. 


“The growing tumor margin is noted in 
the chamber as a fine, rather opalescent 
filamentous and feathery edge around which 
and into which are seen to grow a large 
number of new blood vessels. A great num- 
ber of these channels are large enough to 
support 10 to 20 red cells abreast. A few are 
even 10 to 20 times this size. They are simple 
endothelial tubes with little or no support- 
ing structure in their walls, the tumor cells 
being adjacent to the endothelium. Follow- 
ing a slight trauma, the edge of the tumor 
and the repair tissues around the tumor 
become obscured by the outflow of a large 
number of red blood cells without clotting. 
This completely obscures all the vessels in 
the area. Within a few hours a great num- 
ber of red blood cells have disappeared from 
this field allowing the larger blood vessels 
to stand out rather prominently, although 
the smaller connecting vessels are still ob- 
scured. A definite current with backward 
and forward flow of red blood cells may 
now be seen extending through the area of 
hemorrhage and frequently along the mar- 
gin of the growing tumor. Among these red 
blood cells eddying backward and forward 
across the filamentous feathery edge of the 
growing tumor margin are occasionally 
seen small, irregular, rather opalescent 
masses of tissue resembling in every way 
small fragments of tumor cells which have 
apparently broken loose from the growing 
tumor margin and now lie free in the fluid 
red blood cell mixture. Some of these have 
been seen to float with the current of red 
blood cells out of the field of vision in the 
direction of some of the larger vessels.’’(7) 

Here is described the essential mecha- 
nisms of parenchymatous embolism; the frag- 
mentation of the tissue, the rupture of the 
vessel wall, and the ebb and flow of the 
hydraulic forces producing extravasation of 
red blood cells and intravasation of em- 
bolic fragments. 

The amount of trauma required to pro- 
duce embolization of tumor cells is small. 
Willis has recently reviewed the evidence 
and concludes that manipulation and mas- 











sage of tumors promote metastasis, that is, 
embolization. Young, Lumsden, and Stalker 
(19) have measured in rabbits the tissue 
pressure within normal testes (11 cm. H,O) 
and testes implanted with the Brown-Pearce 
tumor (26 cm. H,O). As the tumor grows 
the tissue pressure within it may reach as 
high as 50 centimeters of water. Gentle 
manipulation of the testes, normal and can- 
cerous, results in a sharp rise in the tissue 
pressure. The rise in pressure is proportional 
to the degree of trauma. This rise in the 
tissue pressure is significant for it forms the 
vis a tergo which moves the tissue aggregates 
into the blood stream. 

In 1948 Nickell and Dockerty reviewed 
the 5 year survival rate following resection in 
a group of 39 patients with completely ob- 
structing annular carcinomas of the descend- 
ing and sigmoid colon. To their surprise, 
this rate was only half (25.7) the 5 year sur- 
vival rate of a similar group of cancers in 
patients who were not obstructed (51.7). 
This sharp difference could not be related 
to size, grade, or location of the cancers. 
The authors concluded that the changes in 
the bowel wall incident to the obstruction 
are the significant factors. These factors are: 
(1) damage to the bowel wall by increased 
intraenteric pressure resulting in increased 
permeability and lymphatic absorption; (2) 
inflammatory swelling, vascular engorge- 
ment, and edema of the bowel wall and of 
the tumor itself; and (3) hypertrophy of the 
muscular wall of the bowel with vigorous 
and hyperactive peristalsis, that is, massage 
and trauma. Wangensteen has extensively 
reviewed the vascular changes and the 
changes in pressure within the bowel inci- 
dent to obstruction. They are indicative of a 
labile hydraulic equilibrium undergoing 
rapid changes of considerable magnitude. 
When the mechanics of parenchymatous 
embolism are considered, the decreased sur- 
vival rate can be readily explained on the 
basis of a greater dissemination of tumor 
emboli. 

The embolization of cells from the placen- 
ta during pregnancy is a regular phenome- 
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non. The number of these cells entering the 
circulation is sharply increased in pregnan- 
cies complicated by placenta previa eclamp- 
sia or manual extraction of the placenta. 
Maximow produced similar emboli in preg- 
nant rabbits by kneading the uterus through 
the abdominal wall. 

In 1941 Steiner and Lushbaugh reported 
that emboli of amniotic fluid could and did 
produce the death of the mother at parturi- 
tion. This is an unusual cause of maternal 
mortality and has been carefully studied. In 
such cases, only the vascular and hydraulic 
factors need be considered. Amniotic fluid 
emboli always occur in association with 
some abnormal condition such as placenta 
accreta, placenta previa, rupture of the 
uterus, Cesarean section, partial retention of 
the placenta, and premature marginal sep- 
aration of the placenta. The hydraulic equili- 
brium is upset (1) by a large fetus which 
occurs commonly in these cases, and (2) by 
the increased vigor of uterine contractions 
during labor typical of this condition. 

The embolization of placental cells and 
amniotic fluid furnishes a classic illustration 
of the mechanics of embolization, since the 
vascular configuration of the placenta is 
ideal, the trauma of a difficult delivery is 
real, and the wide fluctuations of the hy- 
draulic forces are readily apparent. 

Fat embolism is the most frequent of all of 
the types of parenchymatous embolism, oc- 
curring to some degree in almost all cases of 
fracture or operation on the bone (11). As 
noted previously, fat embolism is accom- 
panied by the embolism of bone marrow 
fragments in about 5 per cent of cases. Al- 
though in cases of fat embolism there is 
some debate as to whether all of the embolic 
fat originates from the point of local trauma, 
there is no doubt that a considerable por- 
tion enters the blood stream at this point. 
In addition to fractures and bony injuries, 
fat embolism occasionally occurs as a com- 
plication of an infection or of trauma to fat 
depots in the soft tissues. In all cases, how- 
ever, the mechanics of embolization are es- 
sentially the same. 














The explanation usually given for the high 
incidence of fat embolism following injuries 
of the bone is that the ends of the torn and 
lacerated venules are held open by their rigid 
perivascular walls, and allow the fat droplets 
easy access to the circulation. This attractive 
but untenable concept is not required to ex- 
plain the phenomenon, however, since To- 
cantins has demonstrated the ease with 
which substances injected into the bone mar- 
rowreach the general circulation. This fragile 
vascular bed is rendered permeable by the 
same trauma which disrupts the distended 
fat cells and spends itself by shattering the 
bony cortex of the major long bones. At the 
site of the fracture hematoma there is an in- 
crease in the local tissue pressure, a shift in 
the hydraulic equilibrium, which permits in- 
travasation of the fat droplets. ‘This mecha- 
nism for the intravasation of fat emboli has 
been supported by numerous observations. 
The importance of the rise in local pressure 
can be appreciated after reviewing the work 
of Bisgard and Baker who demonstrated ex- 
perimentally that by decompressing and 
draining the marrow cavity, that is, venting 
the pressure, the degree of fat embolism was 
markedly reduced. 

The association of fat embolism with ab- 
scesses of the bone and soft tissue was first 
noted by Wagner as early as 1865. Hedri was 
led from his experience of finding gross fat 
droplets floating upon the surface of sub- 
periosteal abscesses in cases of osteomyelitis 
to the examination of the urine for fat drop- 
lets prior to operation as a diagnostic meas- 
ure. The value of this diagnostic test for osteo- 
myelitis, depending upon the excretion of 
embolic fat by the kidneys, was confirmed by 
Hart. 

Active infection evokes an inflammatory 
reaction in the bone marrow with increased 
vascularity and a rise in the intramedullary 
pressure. Tubby, commenting upon the high 
pressure within such abscesses, cites a case in 
which an audible report accompanied the 
incision of the periosteum. The dissolution of 
the cell membrane is accomplished by the 
action of bacterial enzymes. 
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Fat embolism occasionally occurs as a com- 
plication of gas gangrene, and the problem 
has recently been thoroughly reviewed by 
Elkes who reported upon 2 human cases and 
upon the results of animal experiments. En- 
zymes produced by the Clostridium sporo- 
genes include hyaluronidase, collagenase, 
and lecithinase of which the latter is of the 
greatest importance in freeing the fat from 
the confines of the cell wall. At autopsy the 
abscesses were swollen, tense cavities filled 
with debris and oil droplets. Patent vessels 
opened into the walls of the abscesses. In a 
series of 42 rabbits dying of gas gangrene a 
moderate degree of fat embolism was found 
in 32. 

Again the trio: (1) disruption of tissue, this 
time by enzymatic action; (2) augmentation 
of the vascular bed by inflammation; and 
(3) increase in the local tissue pressure. 

Fat embolism can occur following injury 
to fat depots in the soft tissues after deliv- 
eries, mastectomies, and abdominal opera- 
tions. All of the reported cases were associ- 
ated with marked obesity. The circumstances 
of each case permits the conclusion to be 
drawn that the mechanics of embolization 
common to other forms of parenchymatous 
embolism apply here also. 


SUMMARY 


Parenchymatous embolism is the end re- 
sult of the process by which aggregates of 
tissue enter the vascular system. Little atten- 
tion has so far been paid to the initial step in 
this chain of events, that is, the entrance of 
the aggregates into the vascular bed, in other 
words, intravasation. From a review of the 
various types of parenchymatous embolism 
and circumstance under which they occur, it 
can be seen that the mechanism of intrava- 
sation in all of these is very similar. The 
hypothesis presented is based upon the model 
constructed by Young and Griffith (17) 
which in vitro epitomizes the process of in- 
travasation which occurs in vivo. This mech- 
anism is not the only manner in which tissue 
aggregates may reach the vascular system, 
but it is probably the most important. 
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CONCLUSION 


A review of the various types of parenchy- 
matous embolism has been made in an en- 
deavor to elucidate the basic mechanics of 
this process. Like the schoolboy’s first en- 
counter with mixed fractions, these diverse 
conditions appear to possess no relation to 
one another. However, a common denomi- 
nator exists, and when these conditions are 
reduced to their essential elements, it can be 
seen that parenchymatousembolism is always 
associated with three factors: (1) a fragmen- 
tation of the parenchyma, (2) a pervious vas- 
cular bed, and (3) a shift in the hydraulic 
equilibrium. The interaction of these factors 
furnishes the mechanism for parenchymatous 
embolization. 
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EDITORIALS 





THE SURGEON’S RESPONSIBILITY IN REHABILITATION 


OF THE INJURED 


WILLIAM L. ESTES, JR., M.D., F.A.C.S., Bethlehem, Pennsylvania 


Ir HAS LONG BEEN RECOGNIZED that com- 
plete recovery from injury depends not only 
upon accurate and adequate treatment of 
the injury itself, but also upon the successful 
enlistment of the active participation of the 
patient in obtaining restoration of full func- 
tion of the injured part. It is likewise ac- 
cepted that the surgeon is responsible for the 
effective application of both these elements of 
therapy. With the advent of present day re- 
habilitation with the added techniques for 
restoration of function and numerous experts 
for their application, wider horizons of aid in 
attaining more efficient end results have been 
developed. The surgeon’s responsibility must, 
therefore, include the use of this supplemen- 
tary armamentarium when indicated. 

The over-all plan should comprise: (1) ex- 
cellent primary surgery; (2) early active par- 
ticipation of patient in recovery of function; 
(3) early use of physical medical techniques 
when necessary for recovery of function; (4) 
social service when indicated for aid in fam- 
ily problems; (5) early planning of a team of 
experts needed for aid in the patient’s recov- 
ery to include any of the surgical specialties, 
a psychiatrist, or experts in vocational train- 
ing, or prosthesis fitting; (6) use of the reha- 
bilitation center; (7) overall oversight of the 
injured by the surgeon until final return to 
work in order to judge the efficiency of the 
recovery program and to decide whether late 
surgery may be indicated. 


To obtain the best functional result in 
many patients with severe and permanent 
injuries, the late stage of recovery may re- 
quire largely rehabilitation supervision, but 
even here the surgeon should never lose com- 
plete contact. 

It is obvious that the advent of new meth- 
ods for the restoration of the injured has 
placed a greater and increasing responsibility 
upon the surgeon. Not only must the pa- 
tient’s injuries receive proper therapy and 
his co-operation be enlisted to regain use of 
the injured part, but all the modern facilities 
for restoration of the man himself to gainful 
employment must be understood and applied, 
‘The surgeon must learn how to administer 
the most efficient type of after care or to uti- 
lize the services of those capable of so doing”’ 
(Aitken). The aim is not merely the recovery 
from injury with the greatest possible return 
of function but also the return to the injured 
of maximum earning power. 

The responsibility of the surgeon should 
extend, therefore, over the entire period of 
disability to the end that the patient is finally 
restored to gainful employment at his highest 
attainable skill. 

An important factor that militates against 
the full use of modern rehabilitation for the 
injured worker is the workmen’s compensa- 
tion laws of today. ‘These laws emphasize the 
remuneration of the injured for loss of wages 
while recovering from injury, the care of the 








injured until recovery, and payment of com- 
pensation for any permanent disability in- 
curred. Often if litigation is involved, years 
may pass until final payment or full remu- 
neration is obtained. During this time reha- 
bilitation ceases until settlement is made— 
a time that might more profitably be em- 
ployed in treatment for full recovery of max- 
imum function, an interval that if lost for 
rehabilitation frequently cannot be regained, 
an interval in which fixation of joints and 
atrophy of muscles without therapy become 
permanent. ‘“‘The injured so often winds up 
with a much desired sum of money which he 
spends and a disability which he keeps” 
(Aitken). 

Under present compensation laws the po- 
tentialities of present day rehabilitation are 
ignored and find no place. Little thought to 
any phase of rehabilitation is given by most 
persons connected with workmen’s compen- 
sation. A general lack of interest in the prob- 
lem prevails at the level where interest could 
be most effective. The need for unremitting 
efforts until maximum restoration of func- 
tion and earning power has been obtained 
is completely blotted out by the false goal 
of maximum remuneration for injury in- 
curred as the primary desideratum for the 
injured. 

Rehabilitation of the injured is certainly 
the responsibility of the medical profession. 
If existing compensation laws interfere with 
the complete application of modern reha- 
bilitation techniques and prevent the full 
potential of modern rehabilitation, should 
not the surgeon assume leadership in setting 
machinery in motion to obtain a change in 
the compensation laws to include as a basic 
concept the maximum rehabilitation of the 
injured worker? 

The American College of Surgeons through 
asubcommittee of its Committee on Trauma, 
of which subcommittee Dr. Alexander Ait- 
ken of Boston is chairman, has discussed in- 
formally with representatives of labor and 
industry and insurance carriers fundamental 
principles upon which changes in the laws 
should be based. 
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These principles have been listed as: 

1. Rehabilitation of the injured worker 
and his return to gainful empl oyment should 
be the basic concept in an improved work- 
men’s compensation system. 

2. The need for higher standards and 
broadened benefits in workmen’s compensa- 
tion is recognized. Such standards and bene- 
fits should be developed against the back- 
ground of presently known advances in 
physical restoration and vocational reha- 
bilitation and adequate standards of indi- 
vidual and family need. 

3. Full utilization of all our potential 
manpower is essential to the welfare and 
strength of the country at all times. 

4. The medical profession should adopt 
the concept that the responsibilities of the 
treating physician extend over the entire 
period of disability to the end that the pa- 
tient is restored to gainful employment at 
his highest attainable skill. 

5. Rehabilitation and restoration to gain- 
ful employment of the injured worker must 
begin with first aid and continue throughout 
the period of disability. 

Attainment of these basic principles can 
be accomplished only by changes in the 
administrative rules of procedure or in the 
compensation laws themselves. 

Provision must be made for: (1) complete 
and continuous medical care from the date 
of injury or disability to maximal restoration 
of function; (2) complete medical rehabilita- 
tion; (3) adequate compensation to insure 
family security during the entire period of 
disability and rehabilitation. 

The medical profession with its knowledge 
of the far-reaching potentialities of reha- 
bilitation should continue leadership in ob- 
taining co-operation of labor and industry 
in acquiring compensation laws under which 
the injured may receive the maximum bene- 
fit of modern rehabilitation techniques. 

The responsibility of the surgeon in the 
recovery of the injured, therefore, lies not 
only in the application of surgical techniques 
that will obtain the best possible restoration 
of the injured part but also in the rehabilita- 

















tion of the patient himself to his maximum 
earning power, as well as in obtaining a 
change in the workmen’s compensation laws 
that interfere with or prevent this plan for 
complete rehabilitation. 
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GASTROILEOSTOMY AND ITS PREVENTION 


J. MONTGOMERY DEAVER, M.D., F.A.C.S., Philadelphia, Pennsylvania 


RECENTLY a patient was referred to the medi- 
cal service of the Lankenau Hospital who 
presented a typical picture of sprue. The 
patient’s history revealed that several months 
previously he had been operated on at 
another hospital for a duodenal ulcer, and a 
subtotal gastrectomy had been performed. 
Following this procedure, intractable diar- 
rhea developed and persisted. The resident 
on the service, who was the first doctor to 
see the patient in the hospital, immediately 
considered the possibility of a gastroileostomy 
having been performed. Gastrointestinal x- 
ray examination established this diagnosis. 
The patient was operated upon after a 
short interval of preparation, mainly with 
transfusions of whole blood. At operation, 
the abdominal cavity was free of adhesions, 
three-quarters of the stomach had been re- 
sected, and the new intestinal hook-up was 
perfect—except that the terminal ileum had 
been anastomosed to the gastric remnant 
instead of the jejunum. There was no mar- 
ginal ulcer present. The correction of this 
operative error was technically simple, and 
the patient made an uneventful recovery. 
When I learned of the presumptive diag- 
nosis on this patient preoperatively, I was 
reminded of two analogous stories. One, 
told by my father, concerned a well known 
surgeon in this country who was operating 
before a large clinic and performing (he 
thought) a simple posterior gastroenter- 
ostomy. At the end of the procedure, dis- 


covering he had made an error, he turned 
to the visiting doctors in the gallery, an- 
nounced that he had anastomosed the ter- 
minal ileum to the stomach, and that he 
would now proceed to take down this anas- 
tomosis and perform the operation correctly. 

The other story concerned a patient in a 
hospital in the Philadelphia area on whom 
the same mistake was made; but the sur- 
geon, before closing the abdomen, made a 
final examination of the stoma and afferent 
loop. He immediately recognized the error 
and corrected it. 

Following the operative correction of the 
gastroileostomy in our case at Lankenau 
Hospital, we reviewed the literature with 
the idea of publishing it. I was surprised to 
find more than occasional reports, not only 
of gastroileostomy having been performed 
but even of a gastrocolostomy. Thirty-five 
cases of such accidental anastomoses were 
reported between the years of 1915 and 
1953, and we can only speculate how 
many others have been surgically corrected 
without ever having been reported. Many 
others have undoubtedly been performed 
but remain undetected because of paucity 
of, or intermittency of, definitive symptoms. 
In certain instances, when a gastroileostomy 
has been mistakenly performed instead of a 
simple gastrojejunostomy and the pyloro- 
duodenal canal is patulous, few symptoms 
may develop and the error may not be evi- 
dent until months or years later when, and 
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only when, the pylorus becomes nonpatulous. 
McKenzie and Robertson reported (Ann. 
Surg., 1953, 138: 911) a case of gastroileos- 
tomy which was found unexpectedly at 
autopsy on an 81 year old man 36 years 
after “‘gastric surgery.” 

The increased incidence of this surgical 
error is probably attributable to the in- 
creased volume of gastric surgery that is 
being done today. Although this serious mis- 
take sounds inexcusable, we should not be 
too harsh in our criticism because we are all 
human and to err is human. 

Before World War II, it was my good 
fortune to be associated with Dr. Albert G. 
Martin, now of Milwaukee. Dr. Martin 
showed me a little procedure employed by 
him when doing gastric surgery which I be- 
lieve is worth while, which has been very 
helpful to me, and which, I am sure, would 
have been helpful to those surgeons who 
have performed gastroileostomies. 

When beginning the operation, immedi- 
ately after the exploration, if gastric resec- 
tion is decided upon or if an anastomosis 


between the stomach and the small intestine 
is contemplated, locate the ligament of 
Treitz and promptly mark the anastomotic 
site in the jejunum. This marking is ac- 
complished by two sutures of different ma- 
terials or colors. One suture is placed at the 
proximal end of the proposed jejunal stoma, 
the other at the distal end. 

The advantages of this little maneuver are: 
(1) when the anastomosis is made between 
the stomach and the small intestine, one 
will not commit the error of making an 
anastomosis at the wrong site; and (2) when 
one is ready to make the anastomosis, it 
will be simple to find the proper portion of 
intestine. This method will often save re- 
moving packs and examining a large por- 
tion of the small intestine to find the proper 
site. 

This procedure, unoriginal with me and 
simple in its application, has been of dis- 
tinct value. I believe if used routinely that 
it would certainly minimize the possibility 
of incorrect gastrointestinal anastomoses 
being performed. 





THE SURGEON AT WORK 





A CONSERVATIVE METHOD OF RESECTING THE 
INTERNAL MAMMARY LYMPH NODES EN BLOC 
WITH RADICAL MASTECTOMY 


IRVING M. ARIEL, M.D., F.A.C.S., New York, New York 


‘THE CLASSICAL RADICAL mastectomy for treating 
breast cancer as outlined by Halsted at the end 
of the last century has held the position of domi- 
nance for surgical attempts of curatively ablating 
breast cancer. The radical mastectomy was con- 
sidered the operation par excellence because it 
removed in continuity the primary breast cancer 
and the echelon of nodes to which the cancer 
would metastasize. That the operation had many 
shortcomings was vividly emphasized by the 
large numbers of patients whose cancers were 
not cured by radical mastectomy. An era of 
complementing the surgical attack with irradia- 
tion administered either before or after the 
operation ensued. Even with the combined pro- 
cedure of radical mastectomy plus postoperative 
and/or preoperative irradiation, many patients 
succumbed. 

Investigations into the cause of these treatment 
failures revealed certain shortcomings in the 
therapeutic approach, even for some of the early 
cancers. A major shortcoming lay in the fact 
that the radical mastectomy of Halsted ignored 
another primary route of lymphatic drainage, 
the drainage to the internal mammary chain. It 
is rather strange that surgeons ignored this route 
of lymphatic drainage which has been empha- 
sized by students of the lymphatics for many 
years. Rouviere states that the lymphatic con- 
nections between the mammary gland and the 
retrosternal nodes were first mentioned by Cruik- 
shank in 1790 and described by Regaud in 1894. 
Stibbe, in 1918, and Rouviere and others have 

From the Pack Medical Group, New York. 


emphasized the internal mammary chain of 
lymph nodes as a primary route of lymphatic 
drainage from certain portions of the breast. In 
addition, many years ago, students of breast 
cancer called attention to the fact that breast 
cancer not infrequently metastasizes early to the 
internal mammary lymph nodes. Halsted, in 
1898, made mention of it and W. Sampson 
Handley, from 1922 to 1927, made intensive 
investigations of the incidence of metastases to 
these nodes and found it to be quite high. He 
advocated the routine use of radium tubes in the 
intercostal spaces, as a prophylactic measure. 

The realization of the inadequacy of the classi- 
cal radical mastectomy (plus irradiation) has 
provoked efforts at departure from this time- 
honored but not completely satisfactory thera- 
peutic method. Current efforts paradoxically 
have routed two diametrically opposite depar- 
tures from the classic methods and have outlined 
and executed increased radicalness in the surgi- 
cal approach on one hand. On the other hand, 
more conservatism in the surgical approach has 
been advocated by some who believe that surgi- 
cal methods accomplish nothing in certain situa- 
tions. 

Examples of the more conservative approach 
are epitomized by Haagensen who advocates a 
biopsy of the second intercostal space and if 
metastasis to a substernal lymph node is en- 
countered, the patient is declared inoperable 
and measures aimed only at palliation are ap- 
plied. McWhirter has submitted evidence por- 
tending to demonstrate that simple mastectomy 
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Fic. 1. The lymphatic drainage of the breast, illustrat- 
ing the two primary echelons of lymphatic drainage; the 
axillary lymph nodes and the internal mammary chain 
of lymph nodes. 


plus intensive postoperative irradiation can cure 
as many if not more patients with breast cancer 
than the so-called more radical approach—the 
radical mastectomy. 

It would seem to the author that the more 
conservative approaches in treating breast cancer 
are attitudes of defeatism and should not be 
condoned. The practice of Haagensen of declar- 
ing a patient inoperable if she has cancer metas- 
tases to the internal mammary nodes should 
certainly not be accepted until the experience 
with internal mammary lymphadenectomy has 
been critically adjudged. 

The technique of McWhirter requires a course 
of intensive irradiation which is disabling, pro- 
duces a fair degree of radiation sickness, and in 
this author’s opinion is as radical from the 
standpoint of the patient’s prolonged disability 
as the so-called radical mastectomy. 

Unless more refined methods of irradiation 
can be developed which will be cancerocidal to 
the internal mammary chain of nodes, situated 
behind bone (sternum and ribs) or cartilage 
(costochondral junction), reliance upon effec- 
tively removing them must depend upon their 
surgical extirpation. R. S. Handley, in a rather 
extensive study of the internal mammary nodes 
after intensive irradiation, demonstrated viable 


cancer cells and indicated that his methods at 
least were unsuccessful in destroying these cancer 
deposits. R. §. Handley and Thackray in 1949 
summarized their opinions regarding the status 
of internal mammary lymph nodes, as follows: 


-Exploration of the second intercostal space, as we 
have described it, is not to be regarded as a method of 
treatment for carcinomatous deposits in the internal 
mammary chain but as a reconnaissance designed to 
give fuller information about the movements of the 
carcinoma cells. The results obtained have indicated 
a problem in the treatment of carcinoma of the breast 
for which no ready answer suggests itself. The only 
method of dealing with internal mammary deposits 
so far published is Sampson Handley’s (1927) tech- 
nique of implanting radium tubes in the medial end 
of the intercostal spaces, and its efficacy has not yet 
been unequivocally proved. 


Examples of some of the methods advocated 
for more radical surgical extirpation of breast 
cancer are: (1) more complete axillary dissec- 
tion by excising the axillary vein (Neuhof and 
MacDonald); (2) excision of the internal mam- 
mary lymph node chain (Margottini, Urban, 
Gardner and associates, and Sugarbaker); (3) 
combined resection of the internal mammary 
nodes, supraclavicular nodes, and mediastinal 
nodes, in continuity with radical mastectomy 
(Wangensteen and Lewis) (It is of interest that 
Halsted, in 1898, practiced supraclavicular 
lymphadenectomy for breast cancer; Andreassen, 
Dahl-Iversen, and Soerensen have practiced 
resection of the axillary, supraclavicular, and 
internal mammary nodes in a large series of 
patients with breast cancer.); (4) combined 
mastectomy and interscapulothoracic amputa- 
tion for certain fixed breast cancers (Pru- 
dente). 


PRINCIPLES OF INTERNAL MAMMARY LYMPH 
NODE EXCISION 


This presentation will focus upon the principles 
and techniques of excising the internal mammary 
chain and will not elaborate further on the other 
extended techniques for the “radical mastec- 
tomy.” 

Opponents to the surgical resection of the 
internal mammary chain have claimed that (1) 
when metastases occur in this location the 
situation is hopeless, (2) removal of the chest wall 
imposes additional operative hazard with in- 
creased operative time and postoperative mor- 
bidity, and (3) the anatomic distortion following 

















extensive mobilization of the opposite breast 
results sometimes in a mammary cyclops which 
is unbearable to the patient. 

Attention has been directed previously to the 
condemnation of the defeatist attitude of hope- 
lessness if the internal mammary lymph nodes 
, are the site of metastases. It is emphasized that 
this nodal chain represents a primary repository 
of lymphatic drainage from certain segments of 
the breast and to declare inoperable cancers 
which have metastasized to these nodes is akin to 
declaring inoperable those breast cancers with 
axillary metastases. 

The en bloc resection of the chest wall as 
described by Urban does not increase the period 
of postoperative morbidity and, as described by 
Sugarbaker, does not increase the time necessary 
to perform the operation. Both these procedures 
leave rather large defects in the chest wall, re- 
paired by Urban with a fascial graft and covered 
by Sugarbaker only with skin. 

The operation to be described in this presenta- 
tion permits resection en bloc of the internal 
mammary chain of nodes with the breast, per- 
mits primary repair of the chest wall, does not 
subject the patient to any additional morbidity 
but does, in fact, facilitate the closure of the 
skin defect incident to the radical mastectomy. 
The principle of the operative technique of this 
presentation is the conservative resection of the 
chest wall, essentially that portion contiguously 
associated with the internal mammary vessels. 





DESCRIPTION OF THE OPERATION 


The operation of en bloc internal mammary 
node dissection is indicated in all patients with 
cancer involving the medial half of the breast 
and especially those cancers in juxtaposition to 
the chest wall (about 50 per cent of cancers on 
the medial aspect will show evidence of metas- 
tases to the internal mammary lymph node 
chain). It is considered advisable to do this 
operation for all breast cancers, inasmuch as 
approximately one-fourth of cancers located on 
the lateral aspect of the breast will show evidence 
of metastases to the internal mammary lymph 
nodes. This feature was recently emphasized in a 
series of 60 successive extended mastectomies 
reported by Wyatt, Sugarbaker, and Stanton. 

The breast and chest wall are prepared in the 
routine manner with the preparation extending 
inferior to the level of the umbilicus. Endo- 
tracheal gas-oxygen-ether is used. 
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Fic. 2. Illustration of the separation of the clavicular 
and sternal portions of the pectoralis major muscle sub- 
sequent to the development of thin skin flaps. Index 
finger is inserted under the sternal portion which will 
then be severed at its humeral attachment. The pec- 
toralis major muscle is then dissected inferiorly at its 
superior sternal attachment to expose the first inter- 
space. 


The operation. The incision made is one best 
suited to the individual patient. Large, thin 
skin flaps are developed extending medially to 
the contralateral aspect of the sternum and 
lateralward to the level of the latissimus dorsi 
muscle. The pectoralis major muscle is then 
severed between the sternal and clavicular por- 
tions and the dissection continues medialward. 
The uppermost segment of the sternal portion of 
the pectoralis major muscle is severed to permit 
exposure of the intercostal muscles of the first 
interspace. The intercostal muscle is then se- 
vered about 2 centimeters lateral to the costo- 
sternal junction. This incision goes through all 
layers of the chest wall permitting access into the 
chest cavity. The index finger is then inserted 
through this opening and pulsations of the in- 
ternal mammary artery can be palpated. This 
vessel is then ligated as is the internal mammary 
vein. 

Resection of internal mammary nodes with chest wall. 
The technique described in this presentation is 
based on the premise that excision of the over- 
lying chest wall (the intercostal muscles, ribs, 
and sometimes sternum) about 1% to 2 centi- 














I'tc. 3. Illustration of the excision of a block of chest 
wallin the parasternal region. An incision had been made 
in the first interspace, the internal mammary vessels 
ligated, and about 1% centimeters of rib margin on 
either side of the vessels were excised. 


meters on each side of the internal mammary 
vessels suffices to permit resection of the lymph 
nodes. 

Since the position of the internal mammary 
vessels and nodes has been found to be variable 
in their relationship to the sternum, it is advan- 
tageous first to palpate their position and plan 
the conduct of the chest wall excision according- 
ly. If the vessels are located more than 1% centi- 
meters lateral to the edge of the sternum, it is 
necessary to remove only the overlying ribs. If 
the vessels are substernal or in juxtaposition to 
the sternum, it will be necessary to resect the 
overlying sternum, which can be accomplished 
with relative ease by using a sternum-splitting 
incision. 

After the medial boundary of the chest wall 
dissection has been determined, the second rib is 
cut with a rib cutter. The excision extends in- 
feriorly to include also the third and fourth ribs 
and the muscles of the first, second, third, and 
fourth interspaces. The incision then extends 
lateralward in the fourth interspace at which point 
the internal mammary vessels are ligated and 
severed. This incision will produce a trap-door 
effect of the chest wall which can be raised to 
permit exploration of the mediastinum, the 
lungs, and the subclavian artery. If these regions 
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are found free of gross metastases the internal 
mammary vessels are ligated and severed as 
close to their points of origin as possible and the 
soft tissue about the vessels can be dissected 
superiorly to the first interspace. This portion 
of the dissection constitutes an inherent weakness 
of the operation because lymph nodes are fre- 
quently present in relationship to the first rib at 
the point of emergence of the internal mammary 
vessels. The first rib is not resected in this opera- 
tion because its excision would involve transect- 
ing the clavicle which procedure is not consid- 
ered advisable as a routine practice. Previous 
experience has demonstrated impaired healing of 
the clavicle following its fracture or disarticula- 
tion during the conduct of radical mastectomy. 

The trap door of the chest wall which con- 
sists of 2 lateral incisions, 1 in the first interspace 
and 1 in the fourth interspace, connected by a 
medial incision either through the sternum or in 
the ribs, is now separated from the chest wall by 
a parallel vertical incision which is made along 
the undersurface of the chest wall about 1% 
centimeters lateral to the internal mammary 
vessels. The completion of this incision, which 
extends from the pleural surface externally to 
the fibers of the pectoralis major muscle, termi- 
nates that portion of the operation dealing with 
the chest wall resection. This segment of chest 
wall, measuring only about 3 to 4 centimeters in 
diameter, containing the internal mammary 
vessels and lymph nodes and some contiguous 
pleural and areolar tissue superior and in- 
ferior to the resected chest wall, becomes part 
of the operative specimen and is continuous 
with it. 

The remainder of the operation is completed 
in the usual manner. The pectoralis minor muscle 
is severed from its insertion on the coracoid 
process and is then dissected off the chest wall. 
With completion of this dissection the operative 
specimen is retracted laterally to permit excel- 
lent exposure of the axilla which is then metic- 
ulously dissected clean. The axillary vein is 
routinely spared. The thoracodorsal vessels and 
nerves and the long thoracic nerve of Bell are 
almost routinely sacrificed. With the exception 
of a somewhat distorted scapula, the author 
has not noted any untoward effects of the 
severance of these nerves. 

The operative specimen is then dissected off 
the latissimus dorsi muscle which is the last 
attachment to the patient. 
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Fic. 4. The dissection is completed. The lung is show- 
ing through the defect in the chest wall, the upper and 
lower portions of the internal mammary vessels are 
ligated. The long thoracic nerve of Bell and the thora- 
codorsalis nerve are usually sacrificed but are included 
in the illustration for purposes of orientation. 


Closure of the chest wall. The chest wall which 
has remained open during the completion of the 
resection but covered with a moistened laparot- 
omy pad is now repaired. A rubber catheter is 
first inserted through the sixth or seventh inter- 
space and attached to underwater drainage. On 
occasion it has been considered advisable to 
insert another intrathoracic catheter delivered 
through the second or third interspace to the 
region of the apex of the lung. Drill holes are 
then made in the opposing, severed ribs (or 
sternum) and a No. 30 stainless steel wire in- 
serted through them. With firm pressure against 
the hemithorax by an assistant, the opposing 
rib margins can be approximated and the chest 
defect repaired. In 1 patient the third and fourth 
ribs could be approximated but the second one 
could not. In others none of the ribs could be 
approximated completely. 

The slightly compressed chest wall usually 
permits easier closure of the skin defect, and this 
is effected in the routine manner. The slight 
diminution in the intrathoracic space produced 
by this procedure should not be significant from 
the standpoint of compromising pulmonary 
function and has not thus far in our experience. 


Fic. 5. Illustration showing the opposing rib edges 
approximated and wired together with stainless steel. The 
intercostal muscles are sutured with No. 000 silk. A 
drain is seen emerging from the dependent portion of the 
thoracic cage which is then attached to an underwater 
drainage system. 


Principles of drainage. A catheter attached to 
underwater drainage is always inserted into the 
dependent portion of the hemithorax. If com- 
plete closure of the chest wall is obtained, 
subcutaneous drainage of the soft tissues is 
effected using Penrose drains similar to those 
employed for the classical radical mastectomy. 

However, if some defect of the chest wall 
persists, it is considered advisable to employ 
additional drainage of the chest since a certain 
amount of sanguineous ooze from the soft tissue 
dissection may drain into the hemithorax. In 
these cases the skin suture line is sealed with 
vaseline gauze and no Penrose drains are em- 
ployed into the subcutaneous regions. Employ- 
ment of drains under this condition would con- 
tribute to a pneumothorax as well as to pneuma- 
tosis of the tissues. 


DISCUSSION 


The high incidence of metastases from cancer 
of the breast to the internal mammary lymph 
nodes emphasizes the necessity of resecting this 
chain of nodes in attempting to effect cures by 
surgical means. To ignore the overwhelming 
evidence of the high incidence of metastases to 
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Fic. 6. The operationis completed. Soft Penrose drains 
are used subcutaneously if complete airtight closure of 
the chest wall defect has been accomplished. The re- 
paired chest wall defect is illustrated showing its distance 
from the skin suture line. 


these nodes, especially from cancers located on 
the medial aspect of the breast, would be to adopt 
an ostrich attitude of unwillingness to cope with 
this feature. To adopt an attitude of defeatism 
when these nodes have proved to be the site of 
metastatic deposits would be resorting to a 
Galenic form of decision by logic rather than 
attempting the present day method of conclusion 
by experimentation. The adoption of the inclu- 
sion of this group of lymph nodes in the classic 
radical mastectomy permits the extirpation of 
two primary echelons of lymphatic drainage 
from the breast. Logically, it should improve 
the salvage rate from breast cancer but only 
adequate clinical trial and careful follow-up will 
resolve this premise. Unlike the radical operative 
procedures recommended by Wangensteen and 
Lewis in which attempts are made to extirpate 
the secondary and tertiary echelons of lymph 
nodes, the inclusion of the internal mammary 
chain merely completes the radical mastectomy 
described by Halsted, and it might be termed 
the “complete radical mastectomy.” 

The amount of chest wall which should be 
excised must await additional appraisal of the 
methods now employed. Rouviere states that the 
collecting vessels of the internal mammary path 
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follow the anterior or perforating rami of the 
internal mammary blood vessels. They traverse 
the pectoralis major, then the intercostal muscles, 
and empty into the nodes of the internal mam- 
mary chain. He states that these lymphatics 
usually pierce the intercostal space near the 
sternum, occasionally somewhat to the outer 
side of the sternum and near the mammary 
gland but rarely opposite the mammary gland. 
Theoretically, therefore, since most of the col- 
lecting lymphatics penetrate the chest wall close 
to the sternum, a small rim of chest wall con- 
tiguous to the sternum should suffice to include 
most of the collecting lymphatics. However, 
since the lymphatics do penetrate the pectoralis 
major muscle in varied distribution patterns, if 
one were to aspire to excise all of these collecting 
lymphatic tubules, it would be necessary to ex- 
cise a significant portion of the sternum as well 
as rather large segments of the medial aspect of 
the chest wall, especially large portions of the 
fifth and sixth costal cartilages. Since this more 
radical extirpation of the chest wall is not indi- 
cated, the question of the degree of compromise 
in striving for a more conservative resection 
remains unsettled. Andreassen, Dahl-Iversen, 
and Soerensen, in an experience with over 200 
cases of internal mammary dissection, remove 
the internal mammary chain in a conservative 
fashion by cutting the second, third, and fourth 
costal cartilages for 114 centimeters from the 
sternal border, which permits them to raise the 
wall of the thorax and to remove the internal 
mammary vessels and lymphatics from beneath 
the level of the first cartilage to the level of the 
fifth cartilage. They do no evacuate the fifth 
intercostal space because of evidence produced 
by Stibbe and Dahl-Iversen and Soerensen that 
parasternal lymph nodes are rarely present in 
the fifth interspace. They question the justifica- 
tion of the radical resection of the chest wall as 
practiced by Urban. Urban removes a segment 
of chest wall which measures about 6 to 7 
centimeters in its horizontal plane. Sugarbaker, 
using the same en bloc procedure, removes a 
block of chest wall about 4 to 5 centimeters 
wide. Urban bases his larger resection upon 
studies by Dahl-Iversen and Soerensen which 
indicated a rather heterogeneous distribution of 
lymph nodes scattered about the internal mam- 
mary vessels. Sugarbaker justifies his somewhat 
more limited chest wall resection by his observa- 
tion that the lymph nodes are usually closely 








i a a is -_ a Oe ea ee ee 





m_ «68 


OE ES TS OTE OS elle ia De 








approximated to the internal mammary vessels. 
This has also been the author’s experience and 
since it is not considered practical at this time to 
excise all the collecting lymphatics through the 
pectoralis major muscle and thence through the 
chest wall, it is considered sufficient to excise 
only that block of chest wall in juxtaposition to 
the internal mammary vessels. Whether this 
more conservative procedure will constitute too 
great a compromise with the extirpation of the 
internal mammary lymph nodes remains to be 
determined. The rapidity of performing this 
resection, the ease of closing the defect in the 
chest wall as well as the overlying skin, and the 
associated rapid convalescence with freedom 
from complications has been encouraging. This 
operation represents one between the conserva- 
tive lymphadenectomy of Andreassen, Dahl- 
Iversen, and Soerensen and the more radical one 
of Urban. It is believed that as many lymph 
nodes are obtained by this technique as in the 
more radical procedures and that the compro- 
mised tissue not removed merely leaves behind 
lymphatics which are not completely removed 
even by more radical extirpation of the chest 
wall. The major defect of most described opera- 
tions except that of Wangensteen and Lewis 
is the superior and inferior extent of the re- 
sections. Complete en bloc removal of the lymph 
nodes under the first rib would necessitate 
the excision of the clavicle and first rib which is 
not being done. Most operations extend in- 
feriorly to the fourth interspace. A recent study 
by Arado and Abr4o on the normal lymph node 
distribution in cadavers revealed that 18 per cent 
of the total chain were in the fifth interspace and 
14 per cent were in the sixth interspace. Further 
investigations will undoubtedly modify the oper- 
ation which combines the internal mammary 
lymphadenectomy with the radical mastectomy. 
The performance of the conservative internal 
mammary dissection as here described for early 
breast cancer will remove those nodes first in- 
vaded by the cancer. 


SUMMARY 


1. A technique has been described of excising 
the internal mammary lymph nodes in continuity 
with the classic radical mastectomy. The pro- 
cedure is a modification of the one described by 
Margottini, Urban, and Sugarbaker but it 
consists of a more conservative excision of the 
block of chest wall. 
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2. The limited chest wall resection usually 
permits rewiring the opposing segmented rib 
margins. This permits for excellent stabilization 
of the chest wall with a significant freedom from 
morbidity or operative complications. 

3. The slight compromise with the volume of 
the chest cavity is not significant. 

4. The lymphatic drainage from the breast to 
the internal mammary nodes is described and 
the rationale for the conduct of the limited 
chest wall extirpation explained. 
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CARLO SCUDERI, M.D., 


THE PURPOSE of the center pin in the Smith- 
Petersen arthroplasty cup is to keep the cup in a 
centrally located position after surgery. Every- 
one who has done a number of cup arthroplasties 
has at one time or another been exasperated by 
a postoperative film showing the cup in anything 
but the desired position in spite of the fact that 
the cup was ideally placed at the time surgery 
was performed. 

‘Too frequently the cup wanders into a position 
of adduction, abduction, antiversion, or retro- 
version to the central longitudinal axis of the 
neck of the femur. 

To prevent such displacement the center pin 
of the cup is fitted snugly into a proper size 
drill hole which has been centrally placed in the 
neck. No postoperative displacement of the cup 
can then take place. Full motion is possible be- 
tween the acetabulum and cup, and only rotation 
is possible around the pin and inside the cup 
when the hip is flexed or extended. For years 
the author has believed strongly that a cup 
arthroplasty of the hip should be an accurate 
snug fitting, but freely movable joint after 
surgery. A loose fitting and a poorly rounded, 
rough acetabulum or femoral head leads to an 
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Fic. 1. a, Cup rotated into adduction which brings 
abnormal pressure on the superior portion of the neck, 
causing pain, bone irritation, and osteophyte formation. 
b, The cup rotated into the abduction position which 
in addition to causing pain, bone irritation, and osteo- 
phyte formation adds an element of instability. Anti- 
version or retroversion of the cup can also occur, or a 
combination of adduction plus antiversion or retro- 
version, or abduction plus antiversion or retroversion. 
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unstable joint, osteophyte formation, and pres- 
sure necrosis at prominent points. The conditions 
lead to pain, instability, and secondary joint 
changes which account for some of the failures 
following this procedure. 

The cup arthroplasty is here to stay. In the 
careful selection of cases it is the procedure of 
choice and has advantages over hip prosthesis 
which, likewise, is here to stay. As time goes on, 
our conception of the hip problem will slowly 
undergo an evolution and in some future years 
will become stabilized. 

In the author’s experience the cup arthroplasty 
is indicated over other procedures in the presence 
of the following: 

1. Deformed femoral heads in younger peo- 
ple, the result of such conditions as hip dysplasia, 
congenital subluxations of the hip, or a sloping 
acetabular rim. 

2. Coxa malum senilis in the middle age 
groups. 

3. Osteoarthritic hips in patients of the 50 to 
60 year age group, who are in good general 
physical condition, having a great deal of pain 
and are desirous of having motion in the hip 
with bearable discomfort. 


\ 


NY 


Fic. 2. 


These conditions will be eliminated when the cup with 
the center pin is used. 

Fic. 2. a, Cup withcenter pin in ideal position. Motion 
between cup and acetabulum is full; however, motion 
between cup and head and neck is only possible in hip 
flexion and extension which is most desirable. No ab- 
duction, adduction, antiversion, or retroversion displace- 
ment of cup is possible. b, Sectional view of cup, pin, 
head, and neck of femur showing their relationship. 
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4. Fused hip joints in adduction and flexed 
position due to childhood sepsis, but not tuber- 
cular. Operation is best done at the late ado- 
lescent or early adult age. 

Young people with a long life expectancy who 
desire good motion are certainly entitled to a cup 
arthroplasty. Should this procedure fail, enough 
material is still available to perform a good hip 
fusion. When a hip substitution procedure is 
done with the bone removed to the intertrochan- 
teric region, a successful hip fusion is more in 
the realm of theory than actuality. 


Hip substitution prosthesis is certainly the 
procedure of choice under the following con- 
ditions in which cup arthroplasty should not 
even be considered: 

1. Nonunion fractures of the neck of the femur. 

2. Aseptic necrosis of the head with cystic 
changes and bone absorption involving not only 
the head but a good portion of the neck. 

3. Fresh comminuted fractures of the head of 
the femur, regardless of the age of the patient. 

4. Fresh subcapital fractures in elderly people 
with a short life expectancy. 














OF THE CYSTIC ARTERY 


A NEW ANATOMIC GUIDE FOR SAFE LIGATION 


RUBEN RAMIREZ-FLORES, M.D., F.A.C.S., Puebla, Mexico 


CHOLECYSTECTOMY is accompanied by surgical 
risks, the chief of which is hemorrhage from the 
cystic artery. This would be of no consequence 
if hemostasis were as simple as it is in other 
parts of the body where exposure permits easy 
localization. As every surgeon knows, however, 
in cholecystectomy, the operative field is often 
a deep hole, where, for lack of good light, ample 
exposure, or good relaxation, hemostasis is ob- 
tained only with great difficulty and with risks 
to surrounding structures. Too commonly, in an 
attempt to secure hemostasis injury occurs to the 
hepatic ducts, common duct, hepatic artery, or 
portal vein. As Dr. Lahey stated, ‘““They are the 
result of excitement, I think. The cystic artery 
gets loose, bleeds into the deep operative field. 
The inexperienced operator fails to realize that 
by pinching the hepatic artery with his finger 
he can stop the bleeding artery, wipe the field 
dry, find the bleeding vessel, and control it 
accurately. Instead of this he clamps wildly 
and picks up the hepatic duct in the clamp.” 
Such accidents have instigated prolonged and 
animated discussions of the technique that 
should be followed in performing a cholecystec- 
tomy. It is recommended that in case of arterial 
hemorrhage, the free border of the gastrohepatic 
ligament should be grasped between the thumb 
and index finger of the right hand to control 
the hemorrhage and allow exposure, with iden- 
tification of the bleeding vessel. Anatomists and 
surgeons have searched for points of reference 
for the origin and course of the cystic artery, 
such as the triangle of Calot and the triangle 
of Budde, that will guide the surgeon in his 
search for this vessel but the anomalies in the 
origin of the cystic artery are multiple as Daseler 
and his co-workers have shown. In 500 cadavers 
studied by them, the cystic artery was found to 
originate from 12 or more different points and 
to follow an uncertain course, from horizontal 
to oblique or vertical, in front of or behind the 
bile ducts or hepatic artery, or both. This is one 
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of the greatest factors from the technical aspect 
which, added to those already mentioned, in- 
creases the difficulty in identification of the 
cystic artery. The third factor that often adds 
to the gravity of the situation is the inflamma- 
tory condition of the gallbladder and bile ducts, 
which completely deforms the anatomy of the 
region and distorts the relation of the gallbladder 
to the surrounding organs. 

With a desire to find an anatomic landmark 
for the localization of the cystic artery, keeping 
in mind the three points previously mentioned 
which are responsible for the difficulty in cases 
of accidental hemorrhage, I was interested in 
the reference by Rio-Branco to the cystic artery, 
not from the point of view of its origin but of 
its arrival at the neck of the gallbladder. For a 
long time I have taken special care to observe 
this anatomic relationship and have found that 
the cystic artery consistently enters the gall- 
bladder at the level of the neck. In cases of 
acute cholecystitis or empyema of the gall- 
bladder in which the anatomy of the region is 
obliterated by adhesions it is difficult not only 
to identify the junction of the body of the gall- 
bladder with the neck, but also to deter mine the 
relationship with surrounding organs. In the 
attempt always to find the neck by careful dis- 
section, I have encountered an anatomic organ 
of variable size, from 0.5 to 3 centimeters in 
length, which corresponds to the cystic gland. 
According to the description of Testut and Jacob 
it is located at the level of the neck of the gall- 
bladder in the angle opposite the dilatation of 
the neck, variously called the pelvis of the gall- 
bladder by Broca, or Hartmann’s pouch. As 
these observations were continued in the search 
for the entrance of the cystic artery, I became 
more familiar with the cystic gland, especially 
in those cases of “obliterated anatomy” in which 
the only identifiable guide to the cystic artery 
was the cystic gland. Therefore, I emphasize 
the correlation of the cystic gland with the 
cystic artery. 


634 Surgery, Gynecology es Obstetrics - May 1955 


Fic 1. Redrawn from the Textbook of Topographical 
Anatomy by Testut and Jacob (5). The cystic artery 
enters beneath the superior pole of the cystic gland in 
75 per cent of the author’s cases. 

Fic. 2. Photograph of specimen from cadaver. 

Fic 3. Redrawn from the Textbook of Topographical 
Anatomy by Testut and Jacob (5). The cystic artery 
enters to the left of the cystic gland in 15 per cent of 
the author’s cases. 

Fic. 4. Redrawn from the Textbook of Topographical 
Anatomy by Testut and Jacob (5). The cystic artery 
enters 2 or 3 millimeters to the right of the cystic gland 
in 5 per cent of the author’s cases. 

Fic. 5. Schematic representation of relation of cystic 
artery to cystic gland upon its arrival at the gallbladder 
in three main directions. 
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As instructor of dissection anatomy at the 
University of Puebla during the last 8 years, I 
have carefully observed the dissection of the 
extrahepatic biliary system with regard to this 
anatomic finding which appears to be a new 
discovery inasmuch as a search of textbooks and 
other books of anatomy revealed no data con- 
cerning these anatomic relationships. Accord- 
ingly, I have continued to observe in each opera- 
tion that the cystic gland is a satisfactory guide 
for the identification and ligature of the cystic 
artery. Attention should be called to the varia- 
tions encountered in the relation of the cystic 
gland to the cystic artery, both in the dissection 
of the cadaver and in the surgical cases observed. 

In 47 cadavers studied between 1946 and 
1953, the findings were as follows: the cystic 
gland was always found in the angle between 
the neck and body of the gallbladder and in 75 
per cent (35 cases) the cystic artery entered 
beneath the superior pole of the gland (Fig. 1), 
that is, the end nearest the cystic duct. This 
typical finding is illustrated in the photograph 
(Fig. 2) of the specimen from the cadaver in 
which the cystic gland is lifted to show the 
course of the cystic artery beneath the gland. 
In 15 per cent (7 cases) the cystic artery entered 
to the left of the gland (Fig. 3); in 5 per cent 
(3 cases) it entered 2 or 3 millimeters to the 
right of the gland (Fig. 4); and in the remain- 
ing 5 per cent (2 cases) it entered on the right 
side, coursed across the neck, and arrived at the 
right side of the gland, or an accessory artery 
approached from behind. In every case except 
1, the distance from the gland to the artery was 
less than 5 millimeters. In the single exception, 
the cystic artery, whose point of origin was the 
superior mesenteric artery, entered the gall- 
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bladder at a distance of 1.5 centimeters from 
the cystic gland. The divisions of the cystic 
artery, anterior, posterior, or inferior and su- 
perior, nearly always occurred at the inferior 
pole of the gland, that is, the end nearest the 
fundus of the gallbladder. In only 4 per cent 
divisions occurred before it reached the gland. 

In 100 operative cases, the statistics varied 
but little from the dissection material. In 30 
per cent of the 100 cases, empyema or inflam- 
mation with obliteration of normal anatomy 
was found and in 10 of these 30 cases the cystic 
artery, undoubtedly thrombosed, was not iden- 
tified. In 70 per cent, the artery entered at the 
superior or cystic pole of the gland, and in 20 
per cent it entered about 3 millimeters from 
the gland, in 15 per cent to the left, and in 5 
per cent to the right. Figure 5 shows sche- 
matically the average statistics of the common- 
est locations of the cystic artery; the posterior 
and double arteries are not shown. 

Therefore, I have concluded from observa- 
tions in the dissection room and at the operating 
table that the cystic gland may be called the 
sentinel gland of the cystic artery. I hope that 
other surgeons will report their observations 
and that this will prove to be an aid in avoiding 
serious hemorrhage from the cystic artery, the 
control of which may result in injury to the 
bile duct. 
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IMPROVED RAPID INTRAVENOUS CHOLECYSTOGRAPHY 
WITH A NEW COMPOUND—CHOLOGRAFIN 


J. GERSHON-COHEN, M.D., S. M. BERGER, M.D., and V. KREMENS, M.D., 


Philadelphia, Pennsylvania 


ORAL CHOLECYSTOGRAPHY was justifiably her- 
alded as a significant advance in diagnostic 
roentgenology. The previously used intravenous 
method was abandoned because of its incon- 
venience and the occurrence of reactions of vary- 
ing severity. These disadvantages may be over- 
come by the introduction of a new contrast ma- 
terial for visualization of the common bile duct 
in postcholecystectomized patients. The appli- 
cability of this material already has been sug- 
gested by Frommhold, Berk and associates, and 
Gershon-Cohen and associates for intravenous 
cholecystography. This compound is cholografin, 
a disodium salt of N,Ni-adipyl-bis(3 amino 2:4:6- 
triiodo benzoic acid). It occurs as a crystalline 
powder readily soluble in water, yielding a color- 
less solution. The iodine content (64.32 per cent) 
is firmly bound in the molecule. Following in- 
travenous administration, this substance is ac- 


From the Department of Radiology, Albert Einstein Medi- 
cal Center, Northern Division, Philadelphia. 
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Fic. 1. W. F., 68 year old female. a, Intravenous 
cholografin cholecystogram, patient in erect position. 
Excellent visualization of a normally concentrating gall- 
bladder. The cystic duct, common bile duct, and a num- 
ber of the biliary radicles are clearly seen. There are no 
calculi and the common duct was interpreted as being 


tively excreted by the liver cells and it appears 
in the bile within a few minutes after its intro- 
duction into the blood stream. The material is 
eliminated almost completely via the gastroin- 
testinal tract without passing through the entero- 
hepatic circulation. 


TECHNIQUE OF EXAMINATION 


The preparation of the patient for intravenous 
cholecystography using cholografin is essentially 
the same as now practiced for intravenous urog- 
raphy. Preliminary dehydration is, of course, not 
required. It is desirable, but not essential, that 
proper bowel cleansing by appropriate purga- 
tion be obtained on the evening before the sched- 
uled examination. The patient is requested to re- 
port for examination on a fasting stomach. One 
cubic centimeter of the material is injected in- 
travenously as a test for sensitivity. In the ab- 
sence of any allergic manifestation, 40 cubic cen- 
timeters of the contrast material is introduced 


d 


normal in caliber. b, Lateral decubitus projection show- 
ing the opacified common bile duct to better advantage. 
c, Erect roentgenogram obtained 45 minutes following 
administration of a fatty meal. Normal contractility has 
occurred. d, Lateral decubitus projection obtained at 
same time as in c. 
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Fic. 2. A. J., 46 year old male. a, Intravenous chologra- 
fin cholecystogram, patient in erect position. Normally 
concentrating gallbladder with no evidence of calculus 
formation. The opacified cystic and common bile ducts 
are clearly demonstrated. b, Lateral decubitus projection 


over a period of 6 to 10 minutes. Optimum 
opacification of the biliary radicles and common 
duct occurs in 30 minutes, and of the gallbladder 
in 90 to 120 minutes. Roentgenograms are then 
obtained which include exposures in the erect 
and lateral decubitus projections as practiced in 
routine oral cholecystography. A fatty meal may 
be administered and response evaluated in the 
usual fashion by means of roentgenograms ob 
tained from 10 to 45 minutes later. 
Severe reactions to the intravenous adminis- 


tration of cholografin have not occurred. Slight 
nausea, vomiting, headache, or sneezing have 
been observed in less than 5 per cent of cases. 
Reactions are not likely to occur if the injection 
is made slowly. 
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Fic. 3. M. S., 28 year old female. a, Roentgenogram 
of patient in erect position obtained following oral chole- 
cystography. One concentric ringed calculus (arrow) is 
visualized in the gallbladder area. The gallbladder itself 
is not visualized. b, Two days later following intravenous 
cholografin cholecystography. The ringed concretion 
previously observed is again seen (upper arrow), but a 
second, nonopaque calculus is now seen to be present 
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showing that the common duct is again well outlined 
and that itis normal in caliber. c, Roentgenogram which 
was obtained following a fatty meal. Normal contraction 
of gallbladder is demonstrated. d, Lateral decubitus 
projection. 


RESULTS AND DISCUSSION 


In 48 of 54 cases studied with cholografin ex- 
cellent gallbladder visualization was obtained. 
In 3 cases the gallbladder was faintly opacified 
and in 3 cases there was no visualization. When 
the studies were repeated with oral cholecysto- 
graphic procedures the results were identical ex- 
cept that in 2 of the faintly opacified gallblad- 
ders obtained by the intravenous method, no 
visualization was encountered with oral contrast 
media. With the intravenous method, the com- 
mon bile duct was visualized in each instance in 
which gallbladder opacification was obtained. 

Most of the advantages of rapid intravenous 
cholecystography with this new medium are 
readily apparent. Not only can the examination 


c 


(lower arrow). The gallbladder is well opacified, though 
there is slight diminution in the concentrating power of 
this viscus. The common bile duct appears to be of nor- 
mal caliber. c, Lateral decubitus projection which was 
obtained at time of intravenous cholecystography. d, 
Roentgenogram which was taken following administra- 
tion of a fatty meal. Normal contractility of the gall- 
bladder is observed. 
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be done at any time convenient to the radiolo- 
gist, but also, repeat examinations, so often ne- 
cessitated with oral cholecystography, are elim- 
inated. 

In individuals with jaundice, whether of hep- 
atocellular of obstructive etiology, cholografin is 
not recommended. Results in patients with he- 
patic dysfunction of any type have been disap- 
pointing so far. An investigation of the particular 
problem of intravenous cholecystography in the 
jaundiced patient is now under way and this 
material will be the subject of a future report. 


SUMMARY 


A new compound, cholografin, used initially 
in the study of the common bile duct in post- 
cholecystectomized patients, has been found to 
hold promise for rapid intravenous cholecystog- 
raphy. Preliminary observations suggest that this 


compound is efficient, safe, and practical. Vis- 
ualization of the gallbladder is at least equiva- 
lent to, and in many cases superior to, that ob- 
tained in oral cholecystography. Moreover, vis- 
ualization of the hepatic and common bile ducts 
can be obtained in practically every instance in 
which some opacification of the gallbladder is 
obtained. Results in patients with hepatic dys- 
function have been unsatisfactory. 
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THE SURGEON’S LIBRARY 





Reviews of New Books 


Ir 1s AMAZING how far medical science has progressed 
during the past several decades and the rate at which 
it is still progressing. ‘The total amount of research 
work that is going on in the United States is tremen- 
dous and that pertaining to malignant disease repre- 
sents a high percentage, an almost unbelievable 
amount. This is well illustrated in the Proceedings of the 
Second National Cancer Conference. 

‘The Proceedings, published in two volumes of well 
over 1,600 pages, contain an enormous amount of in- 
formation supplied by many students of cancer and its 
allied problems. Unfortunately because of limitations 
of space only a few highlights can be mentioned. 

The subjects discussed are presented under a num- 
ber of classifications such as: general sessions, round 
table discussions, and panels, and designated as: breast, 
genitourinary, head and neck, lymphoma-leucemia, 
female genital tract, gastrointestinal, lung, radiobiol- 
ogy, genetics, cytology, chemotherapy, virology, ster- 
oids, and isotopes. 

The general sessions and round table discussions at 
the conference were chiefly of a general nature per- 
taining to malignant disease. Attention, however, 
should be called to the report by Lees of England in 
which he states that in his opinion early diagnosis and 
early treatment are not the crux to the cancer problem 
today. He further states, ‘‘We have shown the out- 
come can be related entirely to factors intrinsic to the 
tumor.” And again, ““Do we mean by cancer a disease 
which kills within five years? Do we mean by cancer 
a disease which kills eventually, which metastizes, 
which infiltrates? Do we mean a histological appear- 
ance or do we mean the histological appearances 
which we have learned to associate with future malig- 
nant behavior?” These are courageous statements 
which deserve critical consideration. 

The breast panel was participated in by 35 speak- 
ers, all individuals of reputation. Their opinions dif- 
fered considerably on therapy, from the very radical 
surgical procedure advocated by Wangensteen to 
comparatively simple mastectomy and irradiation. 
Considerable stress was placed upon the hormone fac- 
tor and the use of testosterone in therapy. 


1PROCEEDINGS OF THE SECOND NATIONAL CANCER CONFER- 
ENCE. Vols. 1 and 2. American Cancer Society, Inc. National 
Cancer Institute of the U. S. Public Health Service and Ameri- 
can Association for Cancer Research. Netherland Plaza Hotel, 
Cincinnati, Ohio, March 3, 4, and 5, 1952. 1687 pages, illus- 
trated. $7.50. New York: American Cancer Society, Inc., 1954. 
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The genitourinary panel was presented by 20 rep- 
resentatives. ‘The discussion of occupational bladder 
cancer by Hueper is interesting because of the rela- 
tionship between various known substances in the eti- 
ology of cancer of the bladder and the possible cause 
of cancer elsewhere in the body. 

The head and neck panel included 15 speakers who 
devoted considerable attention to cancer within the 
mouth. Cancer of the thyroid gland and radioiodine 
were also stressed. 

The lymphoma-leucemia panel, presented by 30 
participants, is one of the most interesting of all the 
panels. The strides that have been made in the study 
of leucemia are diversified and far reaching and the 
results and tentative conclusions presented are ex- 
tremely interesting. The genetic factors as represented 
by the “‘maternal influence” are significant. 

The female genital tract panel was presented by 26 
speakers. Carcinoma in situ of the cervix was discussed 
at length. It is interesting to learn of the infrequency 
of cancer of the cervix in nuns, a conclusion being— 
“This fact seems to indicate very clearly that chronic 
cervicitis constitutes a basic cause for the development 
of cervical cancer.” 

The material presented by 21 speakers of the gastro- 
intestinal panel covered a wide field. The work on 
photofluorographic means for detecting gastric lesions 
and the presentation of improved methods of exfolia- 
tive cytologic studies in the diagnosis of gastric cancer 
are of especial interest. 

In the lung panel, presented by 18 leading authori- 
ties, much consideration was given to the etiologic 
factors in cancer of the lung, especially tobacco and 
cigarette smoking. Early diagnosis before subjective 
symptoms are present was stressed. Hueper in his 
discussion states that in his opinion many factors have 
contributed to the increase of cancer of the lung such 
as agents related to industrial activities and pollution 
by industrial wastes. He believes that tobacco smoking 
probably has contributed to the increase in the inci- 
dence of cancer of the lung but its exact role remains 
to be determined. 

The panel on virus diseases is extremely interesting. 
We hear so much of the virus yet few know anything 
about it. In this panel many characteristics and pecu- 
liarities of the virus are described. Especially informa- 
tive is the discussion by Cohen on virus multiplication 
and the discussion by Williams and Melnick on elec- 
tron microscopy of the virus. Naturally the virus dis- 
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cussions extended beyond application to tumor forma- 
tion. 

The panel on genetics disclosed some very interest- 
ing facts such as those brought out in the paper by 
Burdette on mutations and cancer, and the statistical 
approach to the epidemiology of cancer by Dorn. 

Naturally much attention was given to exfoliative 
cytology in the cytology panel because of the great 
interest in this subject. Very informative are the papers 
on “Collection, Preservation and Preparation of Ma- 
terial” by Richardson, “Requirements for Facilities 
for Training Diagnosticians and Technicians” by 
Hunter, and the report by Fletcher on the ‘Progress 
of the Inter-Society Cytology Council.” Information 
was presented on the cytologic study of the respira- 
tory, gastrointestinal, and urinary tracts and the 
papain method in the diagnosis of gastric cancer. 

Interesting observations are recorded by the chemo- 
therapy and isotopes panels. 

The cause and cure of cancer has not been found 
but the enormous amount of pertinent information 
and vital material presented at this National Cancer 
Conference and recorded in the published proceedings 
indicates that intensive widespread work is being 
carried out and that at some time, we hope soon, 
dramatic results will be obtained.— John A. Wolfer. 


THE ESSENTIAL MATERIAL concerning the surgical 
treatment of carcinoma of the cervix is presented in 
the volume entitled Surgical Treatment of Cancer of the 
Cervix.2 To the many interested, it provides a ready 
reference and an excellent summation of the present 
day thoughts of those who are pursuing the surgical 
approach. It is edited by Dr. Joe V. Meigs, whose 


excellent work in this field is known to all. He has 
gathered together leaders and men of experience 
and each has presented his ideas in an understandable 
manner. The entire field of surgical therapy has been 
covered from the anatomy to the end results. One 
hundred and thirty pages are devoted to anatomy 
which indicates the importance of the subject. There 
is a fine discussion of the ureters and the bladder. 
This is particularly pertinent since urinary tract 
difficulties are the greatest deterrent in this method of 
treatment. Surgical techniques are described; not a 
single one, but several methods of several writers. In 
this phase Dr. Meigs has done an especially fine job. 
The book is well organized and well written. It is 
by far the best available and should be in the hands 
of everyone who is performing these types of surgical 
procedures and everyone who contemplates perform- 
ing such procedures. I recommend it highly because 
of the notable character of the men who have written 
the various chapters and because it presents in one 
book the complete information of the surgical treat- 
ment of carcinoma of the cervix. —John I. Brewer. 


THE BEAUTIFULLY PRINTED AND ILLUSTRATED BOOK on 
the roentgen diagnosis of the skull entitled Roent- 
gendiagnostik des Schaedels,? was partly written by the 


2SuRGICAL TREATMENT OF CANCER OF THE CERvix. Edited by 
Joe V. Meigs, M.D. 462 pages, illustrated. $12.00. New York 
and London: Grune & Stratton, 1954. 

3ROENTGENDIAGNOSTIK DES SCHAEDELS. By Prof. Dr. Willy 
Loepp and Prof. Dr. Reinhold Lorenz. 579 pages, 613 illustra- 
tions. DM 97. Stuttgart: Georg Thieme Verkeg, 1954. 


late Professor Loepp of the University of Koenigsberg, 
and revised and published by Professor Lorenz of the 
University of Hamburg. It reviews and illustrates our 
present knowledge of cranial, extracranial, and intra- 
cranial lesions of traumatic and nontraumatic origin 
which produce changes in the x-ray films of the skull 
and face. The chapters on the base of the skull includ- 
ing the sella turcica and on the temporal bone with 
emphasis on the petrous region are excellent. Clear 
presentation and well chosen illustrations characterize 
the chapters on the paranasal sinuses, the orbits, intra- 
cranial calcifications, and the jaws and teeth. The 
author has a special technique for measuring the 
width of the sella turcica to which he pays a great 
deal of attention. He found that the sella was more 
frequently enlarged in cases of the more benign intra- 
cerebral tumors than in cases of malignant tumors. He 
also found that the tumors of the septum pellucidum 
and of the lateral ventricles more frequently enlarge 
the sella than the tumors of the other ventricles or of 
the cerebral hemispheres or cerebellum. Curiously 
enough, he found calcifications of the pineal gland in 
17 per cent of the skulls of age 6 to 10 years, in 35 
per cent of the age group of 11 to 15 years, in 44 per 
cent of the age group of 16 to 18 years, in 68 per cent 
of the age group of 20 years, and in 72 per cent of the 
age group between 20 and 50 which is a much higher 
incidence than usually experienced by our roent- 
genologists. He also found that the calcified pineal 
was displaced in approximately 80 per cent of the 
frontal lobe tumors as compared to only 40 per cent 
of the temporal lobe tumors and 47 per cent of the 
parietal lobe tumors. 

Other chapters of this book are devoted to skull 
fractures, malignant tumors, benign tumors, inflam- 
matory diseases, parasitic diseases, avitaminosis, meta- 
bolic diseases, endocrine diseases, and other gener- 
alized diseases. The chapters on congenital and ac- 
quired malformations are incomplete and so short 
that one has the impression that the authors had very 
little experience with pediatric problems. The last 
chapter deals with roentgen anatomy, positions, and 
technique and is very clear, precise, and well illus- 
trated with photographs and numerous drawings. A 
15 page bibliography ends this 579 page book con- 
taining 640 illustrations which are nearly all made of 
the positive photographs of roentgenograms. 

This book compares favorably with American text- 
books on this subject and should have an important 
place in the library of the neurosurgeon, neurologist, 
oral and the plastic surgeon as well as the roent- 
genologist.—George Perret. 


THE SECOND VOLUME of a three text issue entitled Color 
Atlas of Pathology is similar in arrangement to its 
predecessor published in 1950. The third one is now 
in preparation. Though somewhat smaller, being 
nearly 100 pages less, the same high standards of 


4Cotor ATLas oF PATHOLOGY; ENDOCRINE SysTEM, INCLUD- 
ING PrrurrARY, THYROID, PARATHYROID, ADRENALS AND PAn- 
CREAS; GYNECOLOGY AND OssTETrRICcs, INCLUDING REPRODUC- 
TIVE ORGANS; BREASTS; MALE GENITAL TRACT; SKIN. Prepared 
under the auspices of the U. S. Naval Medical School of the 
National Naval Medical Center, Bethesda, Maryland. 450 
pages, illustrated with 1032 figures in color on 343 plates. 

hiladelphia, London, Montreal: J. B. Lippincott Co., 1954. 
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elaboration are maintained. The guiding director 
remains Dr. Charles F. Geschickter with able associ- 
ates in the persons of Commanders V. E. Martens, 
W. W. Ayres (who aided in the first presentation), 
and J. A. Turner. Much advice came from the Sur- 
geon General and the respective Commanding Officers 
of the U. S. Naval Medical School. Acknowledgement 
is made to many civilian sources. 

The format remains the same with introductory 
discussions before each chapter, and numerous colored 
plates, usually 3 to a page, accompanied by a para- 
graph of comment. These plates may be clinical, a 
gross photograph, a photomicrograph, or when in- 
dicated an x-ray film. Sometimes, they are co- 
ordinated, if a sequence will benefit description. 

The systems included are: endocrine, gynecologic, 
obstetrics, breast, male genitalia, and skin. Each one 
is adequately demonstrated. 

As a companion to its first volume, this one may be 
readily recommended because of its comparable de- 
gree of excellence.—M. C. Wheelock. 


THE FIRST EDITION of Gynaekologische Roentgendiagnostik® 
was written by Schultze in 1939. The second edition 
was prepared by Erbsléh after Schultze’s death. Dur- 
ing the intervening years between the appearance of 
the two editions a large number of articles and books 
have appeared on the subject of gynecologic roentgen 
diagnosis. This edition contains an additional 100 
pages and 100 illustrations. It is divided into two 
parts, general and special. The first part contains 
three sections, namely: (1) technique, (2) the different 
forms of physiologic and pathologic shadows, and (3) 
damage, accidents, side-effects, and dangers of hystero- 
salpingography. The special section has the following 
chapter headings: “The Pathology of the Uterus,” 
“The Pathology of the Cervix,” “Pregnancy,” “‘Ec- 
topic Pregnancy,” “The Pathology of the Tubes,” 
“Ovarian Tumors,” ‘“Hysterosalpingography and 
Sterility,” “Unusual Uses of Hysterosalpingography,” 
and “Significance of Aqueous Contrast Media for 
Hysterosalpingography.” 

Roentgen examinations of the tubes and ovaries by 
Schultze in 800 sterile women revealed bilateral 
tubal stenosis in 40 per cent, difficulty in passage of 
contrast media through the tubes or unilateral tubal 
closure in 18 per cent, uterine hypoplasia in 19 per 
cent, changes in position of the uterus in 5 per cent, 
alterations in the cervix in 6 per cent, accidental 
pathology in the uterus in 2 per cent, and no ab- 
normalities in 10 per cent. 

The 239 illustrations, the vast majority roentgeno- 
grams, are clearly reproduced. 

The book is well written and the type is clear. The 
world literature has been reviewed as evidenced on 
the 48 pages of references at the end of the book. 

This book will be useful to roentgenologists and 
gynecologists not only because of the recorded exten- 
sive personal experiences of the authors but also as a 
source of reference.—7. P. Greenhill. 

5GYNAEKOLOGISCHE ROENTGENDIAGNOSTIK; HysTEROSALPIN- 
GOGRAPHIE, PHYSIOLOGIE UND PATHOLOGIE DER GYNAEKOLO- 
GISCHEN KONTRASTDARSTELLUNG. By Prof. Dr. Ginter K. F. 
Schultze. 2nd rev. enl. ed. By Doz. Dr. med. habil. Joachim 


Erbsléh. 399 pages, 239 illustrations. DM 59. Stuttgart: Ferdi- 
nand Enke Verlag, 1954. 


THE SMALL VOLUME entitled Diagnostic Advances in 
Gastrointestinal Roentgenology® consists largely of a de- 
scription of the technique used by Bendick in examina- 
tion of the gastrointestinal tract. A detailed account is 
given of his method for mucosal relief studies of the 
esophagus and stomach. Air contrast is achieved by 
the use of ice cold club soda. There are 75 illustra- 
tions. The roentgenograms are reproduced in the 
“radiographic image,” and unfortunately, at least 3 
of the images are inverted. 

This book is somewhat limited in its usefulness but 
will be appreciated by the older radiologist who has 
been unable to keep up with the newer procedures, 
—R. B. Lewis. 


THE FIRST IMPRESSION of Retropubic Prostatectomy’ by 
Francis A. Beneventi is that it is a rather large book 
for a relatively small subject. Careful reading, how- 
ever, reveals that it is not limited to the operation 
of retropubic prostatectomy but that it includes 
almost the entire subject of benign prostatic hyper- 
plasia, including anatomy, pathogenesis, pathology, 
diagnosis, and treatment. Although treatment is 
limited to retropubic prostatectomy, preoperative 
and postoperative care in general has been considered. 
Included are detailed discussions of such considera- 
tions as the medical status of the patient, renal 
function, renal insufficiency, problems in the man- 
agement of urinary retention, water balance, blood 
volume, thrombophlebitis, and embolism. 

Although the material that does not deal specifi- 
cally with the technique of retropubic prostatectomy 
is not new and can be obtained from other sources, 
there is no one place where the student can find it so 
conveniently collected and concentrated. The author 
writes well and clearly, with an excellent style. The 
first 2 chapters, on anatomy and vascular anatomy, 
are no less than classics. His discussion of etiology, 
pathogenesis, and pathology of benign prostatic 
hyperplasia is especially well done, with fair, practi- 
cal, and complete consideration of a most controver- 
sial subject. The chapter on preoperative management 
is good. 

The chapter dealing with description of the tech- 
nique of retropubic prostatectomy is extremely well 
presented, with excellent illustrations by Mr. Didusch. 
The author has chosen a unique method of presenta- 
tion. Part 1 of this chapter consists of a concise 
descriptive account of the operative procedure, 
accompanied by illustrations with complete legends. 
In Part 2 is a more detailed discussion of each opera- 
tive step, with delineation of the reasons given for 
the methods employed. Chapters on postoperative 
management, postoperative complications, and evalu- 
ation of results complete the subject. 

A special chapter on the subject of osteitis pubis 
is a distinct contribution. For the first time this sub- 


6Diacnostic ADVANCES IN GASTROINTESTINAL ROENTGENOLO- 
Gy; SELECTED METHODS, WITH CLINICAL Evauuation. By Arthur 
J. Bendick, M.D. 131 pages, 75 illustrations. $6.00. New York 
and London: Grune & Stratton, 1954. 

TRETROPUBIC PROSTATECTOMY; FOR BENIGN ENLARGEMENT 
OF THE Prostate GLanp. By Francis A. Beneventi, M.D., 
F.A.C.S. Art direction and 44 original drawings by William P. 
Didusch. 227 pages, 74 illustrations. $11.00. Springfield, IIL: 
Charles C Thomas, 1954. 
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ject has been brought into proper perspective with 
regard to history, etiology, pathogenesis, and treat- 
ment. It is “must” reading for all medical students, 
urologists, and orthopedists. 

The reviewer does not wish to suggest further work 
for the author; nevertheless he cannot help remarking 
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that, in his opinion, this excellent monograph might 
be enlarged into a book which would deal with the @ 
entire subject of benign prostatic hyperplasia. A vol.” 
ume of such a kind could very well become a classi¢ 7 
in the English medical literature. 

—John L. Emmett. 
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